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(54) TfUe: DEVICES AND METHODS FOR PERCUTANEOUS SURGERY 
(57) Abstracl 

Devices and methods for perfomiing percutaneous stirgeiy under direct 
visualization and through a single cannula ace shown. A device (10) includes an 
elongated cannula (20) having a first inner diameter (Di) and an outer diameter (Do) 
sized for percutaneous introducdoni The cannula (20) defines a wor)dng channel (25) 
between its ends (21 , 22) which has a second diameter (Da) equal to the diameter (Di) 
of the cannula sized for leceiving a tool thercthrough. An elongated viewing element 
(50) is engageable to the cannula (20) adjacent Oie working channel (25), preferably 
by a fixture (30. 170), The fixture (30. 170) includes a housing/body (31, 171) 
attachable to the proximal end (22) of the cannula (20). The housing (31) defines an 
optics bore (60, 180) to support a viewing element (50) for translation and rotation 
relative to die cannula (20) so that the longitudinal axi$ of the optics bore (60, 180) 
will translate parallel to and rotate about the longitudinal axis of the working channel 
(25). Mediods arc also provided for performing surgeries percutaneously with direct 
visualization and without the requirement for a fluid-maintained workspace. 
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DEVICES AND METHODS FOR PERCUTANEOUS SURGERY 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. 
application no. 08/620,933 filed on March 22, 1996 entitled 
"Devices and Methods for Percutaneous Surgery^' by the same 
inventors. 

The present invention relates to devices, instruments 
and methods for performing percutaneous surgeries, 
particularly at locations deep within the body. One 
specific application of the invention concern devices, 
instruments and techniques for percutaneous, minimally 
invasive spinal surgery. In another aspect of the 
invention, the percutaneous surgery is performed under 
direct vision at any location in the body. 

Traditional surgical procedures for pathologies located 
deep within the body can cause significant trauma to the 
intervening tissues. These open procedures often require a 
long incision, extensive muscle stripping, prolonged 
retraction of tissues, denervation and devascularization of 
tissue. Most of these surgeries require a recovery room 
time of several hours and several weeks of post-operative 
recovery time due to the use of general anesthesia and the 
destruction of tissue during the surgical procedure. In 
some cases, these invasive procedures lead to permanent 
scarring and pain that can be more severe than the pain 
leading to the surgical intervention. 



Minimally invasive alternatives such as arthroscopic 
techniques reduce pain, post-operative recovery time and the 
destruction of healthy tissue. Orthopedic surgical patients 



wo 97/34536 



PCT/US97/04004 



-2- 



have particularly benefited £rom minimally invasive surgical 
techniques. The site of pathology is accessed through 
portals rather than through a significant incision thus 
preserving the integrity of the intervening tissues. These 
5 minimally invasive techniques also often require only local 
anesthesia. The avoidance of general anesthesia reduces 
post-operative recovery time and the risk of complications. 

Minimally invasive surgical techniques are particularly 
desirable for spinal and neurosurgical applications because 
10 of the need for access to locations deep within the body and 
the danger of damage to vital intervening tissues. For 
example, a common open procedure for disc herniation, 
laminectomy followed by discectomy requires stripping or 
dissection of the major muscles of the back to expose the 
15 spine, in a posterior approach, tissue including spinal 

nerves and blood vessels around the dural sac, ligaments and 
muscle must be retracted to clear a channel from the skin to 
the disc. These procedures normally take at least one-two 
hours to perform under general anesthesia and require 
20 post-operative recovery periods of at least several weeks, 
in addition to the long recovery time, the destruction of 
tissue is a major disadvantage of open spinal procedures. 
This aspect of open procedures is even more invasive when 
the discectomy is accompanied by fusion of the adjacent 
25 vertebrae. Many patients are reluctant to seek surgery as a 
solution to pain caused by herniated discs and other spxnal 
conditions because of the severe pain sometimes associated 
with the muscle dissection. 

In order to reduce the post-operative recovery time and 
30 pain associated with spinal and other procedures, 

micro-surgical techniques have been developed. For example, 
in micro-surgical discectomies, the disc is accessed by 
cutting a channel from the surface of the patient's back to 
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the disc through a small incision. An operating microscope 
or loupe is used to visualize the surgical field* Small 
diameter micro-surgical instruments are passed through the 
small incision and between two laminae and into the disc. 
5 The intervening tissues are disrupted less because the 
incision is smaller. Although these micro-surgical 
procedures are less invasive, they still involve some of the 
same complications associated with open procedures, such as 
injury to the nerve root and dural sac, perineural scar 
10 formation, reherniation at the surgical site and instability 
due to excess bone removal. 

Other attempts have been made for minimally invasive 
procedures to correct symptomatic spinal conditions. One 
example is chemonucleolysis which involved the injection of 

15 an enzyme into the disc to partially dissolve the nucleus to 
alleviate disc herniation. Unfortunately, the enzyme, 
chymopapain, has been plagued by concerns about both its 
effectiveness and complications such as severe spasms, 
post-operative pain and sensitivity reactions including 

20 anaphylactic shock. 

The development of percutaneous spinal procedures has 
yielded a major improvement in reducing recovery time and 
post-operative pain because they require minimal, if any, 
muscle dissection and- they can be performed under local 
25 anesthesia. For example, U.S. Patent No. 4,545,374 to 

Jacobson discloses a percutaneous lumbar discectomy using a 
lateral approach, preferably under fluoroscopic X-ray, This 
procedure is limited because it does not provide direct 
visualization of the discectomy site. 

30 Other procedures have been developed which include 

arthroscopic visualization of the spine and intervening 
structures. U.S. Patent Nos. 4,573,448 and 5,395,317 to 
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K„.bln disclose percataoeous deco-pressxon of hern ated 
ai,cs with a posterolateral approach. Fra„»nts of the 
tlrniated disc are evacuated through a cannula pos.troned 
gainst the ennulus. The -31, Kan^in patent 
3 hiportal procedure which involvea P«=<"— f 
' Jth a worKin, cannula and a visualization ^J"/^ 

endoscope. This procedure allows simultaneous v«uaU.at.on 
anrsuctlon. irrigation and resection in disc procedures. 

unfortunately, disadvantages remain with these 
procedures and the accon,panyin, tools because ^"'^ 
" limited to a specific application or =PP-«^- ^"^//^^'^^ 
aacooson, Ka«bin and other references require -^""'^ 
posterolateral approach for percutaneous ""^^ ^^^^'^ 

approaches seeK to avoid damage to soft ^'^f "^^^^^ 

,5 and the need for bone removal bacause it was thought 
impractical to out and remove bone through a channel. 
Z "r these approaches do not address other spin^ 
conditions which may require a mld-Une approach, removal 
bone or implants. 

U s pat NO. 5.439,464 to Shapiro discloses a method 
20 U.S. pat « performing arthroscopic spinal surgerxes 

and instruments for pertorraxng medial 
such as laminectomies and fusions with a m.d-lxne or med.al 
posterior approach using three "-lae. Each o the 
cannulae requires a separate Incision. "^;^;/^^^^^°„^„ 
„ discloses an improvement over prior P-^o^^^""" "'^ 
' ullted to a posterolateral or lateral approach for dxsc 
rK Shaplro.s procedure stlu suffers 

aisadvantages of ^own prior ^^'^'^~\'''-^;l^ZZl 
r.A t-ools one disadvantage of the Shapiro 
hechniaues and toois. ^.'"c 

cecnnxque . a fluid working space. 

^° rt:rsirniri:a::Te:::rnt°:s mat the procedure requires 
multiple portals into the patient. 
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Fluid is required in these prior procedures to maintain 
the working space for proper function of optics fixed within 
a prior art cannula and inserted percutaneous ly. 
Irrigation, or the introduction of fluid into the working 
5 space, can often be logistically disadvantageous and even 
dangerous to the patient for several reasons. The 
introduction of fluid into the working space makes 
hemostasis more difficult and may damage surrounding 
tissue. Excess fluid may dangerously dilute the sodium 

20 concentration of the patient's blood supply which can cause 
seizures or worse. The fluid environment can also make 
drilling difficult due to cavitation. The requirement for a 
fluid environment generally increases expenses associated 
with the surgery and adds to the complexity of the surgery, 

15 due in part to the relatively high volume of fluid 
required. 

A need has remained for devices and methods that provide 
for percutaneous minimally invasive surgery for all 
applications and approaches. A need has also remained for. 
20 percutaneous methods and devices which do not require a 
fluid-filled working space, but that can be adapted to a 
fluid environment if necessary. 

A significant need is present in this field for 
techniques and instruments that permit surgical procedures 

25 in the working space under direct vision. Procedures that 
reduce the number of entries into the patient are also 
highly desirable. The fields of spinal and neuro surgery 
have particularly sought devices and techniques that 
minimize the invasion into the patient and that are 

3Q streamlined and concise in their application. 
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SOMMARY OF THE INVENTION 

Briefly describing one aspect of the invention, there is 
provided devices and method for performing percutaneous 
procedures under direct visualization, even at locations 
5 deep within a patient. In one embodiment, a 

in percutaneous surgery includes an elongated cannula havxng 
a first inner dimension and an outer dimension sized for 
percutaneous introduction into a patient. The cannula 
further includes a distal working end and an opposite 
10 proximal end and defines a working channel between the ends 
having a second dimension which is egual to the first inner 
dimension. The working channel is sized to receive a tool 
therethrough. The device also includes a viewing element 
counted inside the cannula adjacent the working c^-- ^ 

15 The viewing element has a first end -""^^^^^'^'^JJ'^^r 
apparatus and an opposite second end disposed ^^^--^^^^ 
dfstal working end of the cannula. In some embodiments the 
Viewing element can be a fiber optic cable, a GHI. rod, a 
rod-lens device or a remote optics ("chip on a stick ) 
20 device. 

I„ another aspect, a a.ture is provided for mounting 
the viewing ele-nent to the cannula. The fixture -=^»<'-; ' 
housing attachable to the proximal end of the cannula The 
hrs ing define, a vorKing channel opening '^^^^'["''''^..^ 
as =o.n.unication with the wording channel. The Z7 
opening is si.ed to substantially correspond to he second 
dLension of the wording channel. The housrn, also defxnes 
an optics bore adjacent the worKing channel °P=->«;^ 
optics bore is si«d to receive the elongated vxewxng 
30 element therethrough, 

m some embodiments, the fixture supports the viewing 
device for movement within the optics bore along the 



•a:^ts •[eoT6jns aq:^ JLbajxxs Ax^ATqaatas 
o:^ uoa5jns Bi^ t^onB o:^ xauueqa 5ut^iom iq einuuBD 
aqt^ 30 pua fiux^joM let^stp aqq puoi^aq :^oaCojd ueo aotAap of 
aq:^ 30 pua 6uTMaTA aq^ ^Eq:^ os exnuueo aqq 0:^ aATriex^j 
pauotsuauitp ST aoxAap fiuxMaiA aqj; •sainpaooid lOTjai^sod 
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ueo s:tuauoduioa lextuixs 20 BinuuBO aq:; Aq pauxBr^uxBui x^uu6^^ 

5ux^aoM aqq 'uoxrjuaAUx aqrj 30 r^oadSB jaqtvanj b ui qz 

•sainpaoojd iCjeq.xn::^xd puB itjaBjns x^PTOuaqdsuBj:! 
XESBusuBi:^ SB qons suoxqeoxxdde snoxacA ux xi^jasn 
AX^iBXHOxti^jted aq ubo adA:^ sxq:^ 30 snr^BJBddB uv •uinxnoads 
e SB qons 'lor^oeir^aa anssx:} 6 o:^ par^oauuoo sx aoxAap 6uxMaxA 

XBOxr^do aq:^ 'uot^uqaux aq:j 30 :>oadSB Jtaqqan3 b ui gx 
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papuBdza a^j ux loi^OBJ^aj 10 aot^BXTP a6E6ua pxnoM 
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'X^uueqo 6ux:i{aQM 
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axqB4B:)OJ sx Buxsnoq aq:^ ' si^uauixpoquia aiuos ui 'ajoq aq:) 30 ^ 

SXXB xeuxpn:)x6uox aq:) ijnoqB ajoq soxqdo aqq uxqii^xw uox4b:»oi 
303 aoxAap fiuxMaxA B^^ s^joddns aj:n:)xx3 aq:) 's:»uauixpoquia 
laq^o UI -BinuuBO aq:) 30 pua 6ux^aoM xB:)sxp aq:) o:) aAx:^Bxaa 

suat aq^ :)OBjr4aj jo pua^xa ajoq aq:) 30 sxxb xBuxpn:)x5uox 

-A- 



PQQPdfL6SfyJDd 



9£SP£/L6 OiW 



PCTAJS97/04004 

WO 97/34536 



-8- 



in accordance with one embodiment, the fixture includes 
at least one irrigation/aspiration port. Preferably, the 
port(s> can communicate with at least one 
irrigation/aspiration channel in the optical viewing 

5 device. in this manner, irrigation and/or aspiration can^ 
also be applied at the surgical site. When aspiration alone 
is applied, the port is connected to a vacuum or suction 
source. The aspiration will draw ambient air through the 
working channel, across the distal working space, and into 

10 the irrigation/aspiration channel of the viewing y-^^' 

one benefit is that this ambient air aspiration eliminates 
smoke generated by various working tools and clears the 
optics lens of fog and debris. 

in one embodiment, the fixture is mounted over and 
15 supported by the proximal end of the cannula. 

in another embodiment, the fixture can be supported 
adjacent the proximal end of the cannula by a clamp engaging 
the outer surface of the cannula. In one ^P^"^^^ ' 
embodiment, the clamp is a barrel clamp ^-^^^ 
selectively operated by a lever arm and barrel cam. With 
rhis elbodlment. the fixture itself can be 
the length of the cannula to extend or retract the lens of 
the viewing device relative to the end of the working 
channel- 

25 -ovel tools .re also proviaed which are insertable into 

the «orkin, =h.«.el o« the cannula. A tissue retractor .n 
one e^boalLnt includes a body ana an integral -orKxn, trp 
configurea to atrau^tlcally displace tissue " 
retractor Is »anlpulatea through tissue. The body has a 

30 convex surface configured to conforn> to the xnner 

cylinarical surface of the cannula and an opposxte concave 
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surface which does not obstruct the working channel or 
visualization of the working space. Cannulated tissue 
dilators are also provided which are insertable over a 
guidewire or another dilator as well as insertable into the 
working channel. In some embodiments, the tissue dilators 
include a tapered working end to displace tissue and a 
gripping portion having a number of circumferential grooves 
to enhance gripping and manipulation of the dilator. 

According to the methods of this invention, spinal and 
other surgeries can be performed percutaneously with direct 
visualization without the requirement for a fluid-maintained 
working space. In another aspect of the inventive surgical 
techniques, all steps of a surgical procedure are conducted 
under direct vision through a single working channel 
cannula. An optical scope or viewing device is moved within 
the working channel and throughout the working space from a 
variety of angles and orientations to provide a clear view 
of the operative steps. 

The techniques of the present invention also encompass 
passing multiple tools and instruments through the single 
working channel cannula and manipulating the instruments and 
tools within the working space. In one specific embodiment, 
a tissue retractor is provided that extends through the 
working channel without significantly reducing the 
dimensions of the channel. 

It is an object of the invention to provide devices and 
methods for percutaneous spinal surgery for all ^applications 
and approaches. One advantage of this invention is that 
percutaneous procedures can be accomplished in a dry 
environment because a fluid working space is not required 
for the proper function of the optics^ One benefit of this 
invention is that it provides instruments and methods which 
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.eauCB the cost. rlsK, paln and recovery ti,ne assooated 
with surgery. These .hd other objects, advantages and 
features are accomplished according to the devices and 
methods of the present invention. 



wo !l7/34536 



PCT/US97/O4O04 



-11- 

DESCRIPTION OF THE FIGURES 

FIG. 1 is a side elevational view of a device according 
to this invention. 

FIG. 2 is a top elevational view of a fixture for 
supporting a viewing device within a cannula according to 
this invention • 

FIG. 3 is a side cross-sectional view of the fixture 
shown in FIG. 2. 

FIG, 4 is a side elevational view of a retractor 
according to one embodiment of this Invention. 

FIG, 4A is an end cross-sectional view of the retractor 
of FIG. 4 taken along lines A-A. 

FIG. 5 is a top elevational view of the retractor shown 
in FIG. 4. 

FIG. 6 is an end elevational view of the retractor shown 

in FIGS. 4 and 5. 

FIG. 7 is a side elevational view of a retractor 
according to another embodiment of this invention.. 

FIG. 7A is an end cross-sectional view of the retractor 
of FIG. 7 taken along lines A-A. 

FIG. 7B is an end cross-sectional view of the retractor 
of FIG. 7 taken along lines B-B.. 

FIG. B is a top elevational view of the retractor shown 
in FIG. 7. 
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FIG. 9 is a side elevational view of a dilator according 
to this invention- 

FIG. 10 (a) -(i) depicts the steps of a method according 
to this invention. 

5 FIG. 11 is a side cross-sectional view of a device 

according to one embodiment of this invention. 

FIG. 12 is a side cross-sectional view of an aspiration 
cap as shown in FIG. 11- 

FIG. 13 is a top perspective view of a device according 
10 to another embodiment of the present invention. 

FIG. 14 is a side perspective view of a fixture for 
supporting a viewing device forming part of the device shown 
in FIG. 13. 

FIG 15 is a side elevational view of the device 
15 depicted in FIG. 13 with the device shown connected to 
optical equipment depicted in phantom lines. 

FIG. 16 is a side elevational view of a scope body 
forming part of the fixture depicted in FIGS. 13 and. 14. 

FIG. 17 is a bottom elevational view of the scope body 
20 shown in FIG • 16 . 

FIG 18 is a top elevatlcn^l view o£ a lever arm forming 
part of a barrel clamp mechanism used with the fixture 

depicted in FIG. 14. 
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FIG. 19 is an end cross-sectional view of the lever arm 
shown in FIG. 18 taken along line 19-19 as viewed in the 
direction of the arrows. 

FIG. 20 is a top elevational view of a barrel cam 
5 forming part of a barrel clamp mechanism incorporated into 
the fixture depicted in FIG. 14. 

FIG. 21 is a side elevational view of the barrel cam 
shown in FIG. 20. 

FIG. 22 is a bottom assembly view showing the assembly 
10 of the lever arm of FIGS. 18-19, the barrel cam of FIGS. 
20-21 with the scope body shown in FIG. 14. 

FIG. 23 is a side elevational view of a scope body as 
depicted in FIG. 14 connected to an aspiration circuit. 

FIG. 24 is a cross-sectional view of a human patient at 
15 a lumbar vertebral level with a device according to one 

embodiment of the invention situated within the patient to 
define a working channel above the laminae of the vertebra. 

FIG. 25 is a side elevational view of a tissue retractor 
incorporating an optical viewing device. 

20 FIG. 26 is a top elevational view of the tissue 

retractor incorporating an optical viewing device as shown 
in FIG. 25. 
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DESCEIPTIOt. OF THE PBEFEREED EBBODIBEBTS 

l.„,ua,e win .e usee to aescri.e '^^J^^!^; 
nevertheless be un.erstooa "^^^^"^/^.raXteratlons an. 

o. t»e invention is "'"^jf^^^f.^UrLicea ana 
eurther ^oaifications .n -l^^^f/^^^^.^.^ons of the 
aescrlbea methods, ana such further app 

principles o£ the invention a. '""^'""^^'/Jtl.^ i„ the 
Lntemplatea as woaia normally occur to one sRiUe 
art to which the Invention relates. 

^he present invention provides instruments and methods 
.or 12^^. percutaneous -^^-^J^::X:%Z^no.o:. . 
3 .^plications such as ^ rnrirrr««, channel 

tacetectomir or aiscectoo^r. wrth a ^^.^ many 

endoscope. The present '"Z.^l'^Jl a fluid 

percutaneous surgeries ^^^^ '^.TZe independently 

„orKspace "^ZL contemplates 

!0 of the cannula. The prese implemented with or 

techniques and instruments that can be l P 
without a fluid environment. 

«.i, invention also brings the ^^•""''^^ll.^^,^^ 
percutaneous procedures to ^^^''^^^^l^lX^ JZo. the 
„ re,uirea open surgery. One ^^''l^l^l^ ^l\Z2 

percutaneously through a \ p„„l within 

:rp::ren:%r:rr:r: rirran; simultaneous 

30 procedures . 

recording to one embodiment of the present invention, as 
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depicted in FIG. 1, a device 10 is provided for use in 
percutaneous surgery which includes an elongated cannula 20 
having a first inner diameter and an outer diameter 
Dq sized for percutaneous introduction into a patient. 
The cannula 20 also includes a distal working end 21 and an 
opposite proximal end 22. The cannula defines a working 
channel 25 between the ends 21, 22 having a second diameter 

equal to the first inner diameter sized for 
receiving a tool therethrough. The cannula has a length 
along its longitudinal axis L that is sized to pass through 
the patient from the skin to an operative site or working 
space* In some cases, the working space may be adjacent a 
vertebra or disc, or in the spinal canal. 

An elongated viewing element 50 is mountable inside 
cannula 20 adjacent the working channel 25. The viewing 
element 50 has a first end 51 connectable to a viewing 
apparatus, such as an eyepiece or camera, and an opposite 
second end 52 disposed or positionable adjacent the distal 
working end 21 of the cannula 20. The particular elongated 
viewing element 50 is not critical to the invention. Any . 
suitable viewing element is contemplated that creates an 
optical or image transmission channel. In one embodiment, 
the elongated viewing element 50 includes a fiber optic 
scope 54 and a lens 55 at the second end 52. Preferably, 
the fiber optic scope includes illumination fibers and image 
transmission fibers (not shown). Alternatively, the viewing 
element may be a rigid endoscope or an endoscope having a 
steerable or bendable tip. 

One advantage of this invention is that it provides 
optics which are movable relative to the cannula 20. 
Because the optics are movable, it is not necessary to 
provide a f luid-maintained work space. The optics can be 
removed, cleaned and replaced while the cannula is 
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percutaneousxy positioned within the patient 
worKin, spac Any conn,uration vHich 
^ „ov.bly supported adlacent the wo.R.n, <=^»""'l " 
. m one emboaiment, shown in FIGS. 1-3. • 

rrr :r:a p::.aed 

ronrn-rtaih-to tne . 

the cannula 20. The worKin, channel "P™-" " " f ^f^^ 
substantially correspond to the ^^'""'^^''^^^X,' 
worKtng channel 25 to receive tools. The ^° 
TZ. a housing 31 which detlnes a working channel 

ng 3 'rrangld to co^unicate with the worKin, channel 
r„hen the fixture 30 is counted to the cannul 2^ 
worRin, Channel opening 35 is sized to „ 
. therethrough .or passage -'^Zr^Tir 

working channel 25- 

.he housing 31 also defines an optics -"re 60 adjacent 

„ the working channel opening 35. ' 
^" • 0 4.»na4- i«? oreferably substantially 

longitudinal axxs f that is prefer y ^. ^annel. 

m 1 t-he axis L of the cannula and worKing 
parallel to the axis i. removably receive 

The optics bore 60 is preferably sxzed to remov y 
L« elongated viewing element 50 therethrough. The fixtu 
the elongacea vx ^ . . «i..mpnt 50 for movement 

„ 30 preferably supports the --"'J^^^^f^/.L^, , of 

within the optics bore 60 along the .^i.tive to the 

the bore 60 to extend or retract the ens 55 relatr 
distal working end 21 of the cannula "-The 
retractable/extendable feature o£ the optics of this 
30 n«ntlon provides an advantage over P^^- 

.urinates the regulrecnent for a fluid 
^„use it el--=t« ,,^i„, ele,»nt 50 

workspace. Whxle tne aev the fluid is not 

can be easily used in , fluid -"'""r"'^ 
essential for the system to operate, contrary P 
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systems. Furthermore, many of the prior enaoscopes were not 
suited to access certain areas because of their large 
diameters. For example, prior endoscopes could not access 
the spinal canal. However, with this invention, access to 

5 the spinal canal is not limited by the diameter of the 

channel or cannula. The cannula 20 can be left behind in 
the soft tissue or supported by the lamina while the second 
end 52 of the elongated viewing element 50 can be advanced 
into the spinal canal along with any spinal instruments 

Q which have been inserted into the working channel 25. 

Preferably the fixture 30 also supports the viewing - 
element 50 for rotation within the optics bore 60 about the 
longitudinal axis f of the bore 60. The lens 55 of the 
viewing element 50 defines an optical axis A^. As in many 

^5 endoscopes, the optical axis A^ can be offset at an angle 
relative to the longitudinal axis t of the optics bore 60- 
This feature allows the optical axis A^ of the lens to be 
swept through a conical field of view F for greater 
visibility of the working space. The fixture 30 can further 

2Q be configured so that the viewing element 50 is rotatable .. 

relative to the cannula 20. In this embodiment, the housing 
31 is rotatable relative to the cannula 20 so that the 
second longitudinal axis E of the optics bore 60 rotates 
about the longitudinal axis L of the working channel 25. 

25 The rotatable features of this invention allows 

visualization of the entire working space. This feature 
also aids in simplifying the surgical procedure because the 
optics 50 and accompanying fittings can be moved out of the 
way of the surgeon's hands and tools passing through the 

30 working channel. 

In one embodiment depicted in FIG. 3, the housing 31 
defines a receiver bore 40 having an inner diameter d^ 
slightly larger than the outer diameter of the cannula 
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20. m this configuration, the proximal end 22 of the 
cannula 20 can be received within the receiver bore 40 so 
that the housing 31 can rotate about the proxxmal end 22 
the cannula 20. ^s shown in FIG. 3. the ^^O""'^^/^^^^^ 
3 includes an upper bore 41 which is contiguous -i^h the 

working channel opening 35 and the receiver bore 40 In one 
elbodiLt. the optics bore 60 is disposed within the upper 
bore 41 of the housing 31. 

in a preferred embodiment depleted In FIG. 2. the optics 
,„ tore 60 is defined by a C-shaped clip 61 disposed wxtbxn the 
'° Tpper bore 41. Preferably, tbe C-shaped clip 61 xs formed 
of a resilient material and tbe optics bore " 
the clip 61 has an inner diameter that xs -1^'"^^=" 
than the outer diameter of the elongated ^^^^^ '^^f^^^ 
„ SO. «hen the viewing element SO is pushed ""'^^^^ 
" bore 60 It resillently deflects the C-shaped olxp 61 The 
resilience of the clip 61 provides . grippxn, °" J!^^ 

element 50 to hold it In the desired position, while stxll 
allowing the element 50 to be repositioned. 

Alternatively, the optics bore 60 can have an inner 
dia»«ter lar,er than the outer diameter of 
element. In this Instance, the viewing elemen 50 can be 

supported outside the device 20, either manually or by 

separate support fixture. 

preferably the device 10 provides engagement means for 
securely yet rotatably engaging the fixture 30 to the 
cannula^O. nost preferably, the fixture 30 ^J^^^ITZ 
to engage a standard cannula 20. Engagement means can be 
:ispo:e: between the housing 31 ^---J-- - ^a 

30 fixture 30 is mounted to the proxxmal end 22 °^ 
,0 for providing gripping engagement 

ana the cannula 20. In one embodiment depxcted xn FIG. 
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the engagement means includes a number of grooves 32 within 
the receiver bore 40 and a resilient sealing member, such as 
an O-ring (see FIG. 11) disposed in each groove 32. The 
sealing members, or 0-rings, disposed between the housing 31 

5 and the outer diameter of the cannula 20 rotatably 
secure the fixture 30 to the cannula 20. The 0-rings 
provide sufficient resistance to movement to hold the 
fixture 30 in a selectable position on the cannula. In 
another embodiment, the housing 31 defines a receiver bore 

IQ 40 which has an inner diameter d^ which is only slightly 
larger than the outer diameter of the cannula 20 so 
that the housing 31 can rotate freely about the cannula 20. 

The working channel 25 and the working channel opening 
35 are both sized to receive a tool or instrument 

15 therethrough. Preferably, the working channel opening 35 of 
the housing 31 has a diameter Dw which is substantially 
equal to the inner diameter dj of the working channel 25 
so that the effective diameter of the working channel is not 
reduced by the fixture 30. This configuration provides a 

20 maximum amount of space for the insertion of tools into the 
working channel 25, The present invention is advantageous 
because standard micro-surgical spinal tools can be inserted 
into the working channel and manipulated to perform a 
surgical procedure. The present invention is particularly 

25 advantageous because the working channel 25 will 

simultaneously accept a plurality of movable instruments. 
No other known prior art device has a working channel that 
accepts more than one movable instrument at a time through a 
single port. Therefore, according to this invention, an 

30 entire percutaneous surgical procedure can be performed 

through the working channel 25 of the device 10 under direct 
visualization using the viewing element 50 disposed within 
the optics bore 60. 
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m accordance with the present embodiment, the 
con^ponents of the device 10 are cylindrical in 
configuration. In other words, the cannula workxng 
Channel 25 and fixture 30 have corresponding cyUndrxca 
configurations which yield the various dxamete s d,, D,, 
I r^ in accordance with other embodiments 

" I'atea as par of the invention, these diameters may 
contemplated as pari: ot i-i oval or 

be non-circular Inner .nd outer dimensions, " J'/ 

u For eiample, a cannula 20 iwdified to a 

square shaped. For «"'»^"' , i3,,e workln, 

souare cross-section would still provioe 

Channel. sucK as wor.in, channel «. ^^'^^IZclon vould 
corresponding fixture 30 have a square 
also provide a lar,e worKln, channel °P--' V ' 
case o£ non-clrcular configurations, '"^^^f 
accordance with the present en*odin.ent would be un 
rotate around the circumference of the 

permitted hy the circular configurations^ permit axial 

hand, even the non-circular -^'f "'^/^'J^ „e the 

movement of the optical viewing ^^'-^'/f ,„uy 
viewing element about its own axis, as set 



herein. 



xn accordance with a further variation of ^ha Present 
invention, the cannula .0 can -/--f^;4;„ ^" 
aevlce that Is capable of maintaining 'Jm^ l^^^ 

„ Channel .S. .or -;f;-lr:p:a atL In one%pecific 
an expanding cannula or dilator 'PP is 
embodiment, the apparatus can be a sp r 1 

unwound or expanded to P"-^= J, ^ji^ors, such as 

dla^nslon. -"""""^^i^' J^;//, : TrKing space. In 
30 speculae. can -^e expanded " „3ed to 

these configurations, the '""'^ " ^ expandable 
support the optical viewing element 0 once ^^^^^^^ 
dilator or tissue retractor reaches its 
dimension. 
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Although standard micro-surgical instruments may be used 
with the present invention, this invention also contemplates 
certain novel tools which capitalize on and enhance the 
advantages of this invention. 

According to one preferred embodiment of the invention, 
a tissue retractor 70 is provided as depicted in FIGS. 4-6. 
The retractor 70 is removably and rotatably insertable 
through the working channel 25 and the working channel 
opening 35 of the device 10 « The tissue retractor 70 
includes a working tip 75 configured to atraumatically 
displace tissue as the retractor 70 is manipulated through 
the tissue and a body 76 having a proximal first end 77 and 
a distal second end 78. The second end 78 can be integral 
with the working tip 75 which preferably has a blunt curved 
end 82. In addition, the working tip 75 is also preferably 
bent or curved away from the body 76, as shown in FIG. 7. 
The body 76 is sized to be rotatably received within the 
cannula 20 and has a length B from the first end 77 to the 
second end 78 sufficient so that the first end 77 and the 
working tip 75 can both extend outside the cannula 20 when 
the body 76 is within the cannula 20. 

This invention contemplates any suitable retractor for 
use through the working channel 25. However, retractors 
such as the retractor 70 depicted in FIGS. 4-6 are preferred 
25 in which the body 76 includes a curved plate 84 that is 

configured to conform to the inner cylindrical surface 26 of 
the cannula without substantially blocking the working 
channel 25* The curved plate 84 has a convex surface 80 and 
an opposite concave surface 81, In one embodiment, the 
30 curved plate 84 includes a first plate portion 85 defining a 
first convex surface 80 and an opposite first concave 
surface 81. A second plate portion 86 is integral with the 
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first plate portion 85 and is flisposed between the first 
plate portion 85 and the working tip 75. The second plate 
portion 86 defines a second convex surface (not shown) and 
an opposite second concave surface 81' . Both the first 
plate portion 85 and the second plate portion 86 include 
opposite edges 90 extending substantially parallel to the 
length B of the body 76. 

Preferably, the curved plate 84 subtends an arc 
between the opposite edges 90 of at least 200 degrees, and 
n,ost preferably 270 degrees. In a specific embodiment, the 
second plate portion 86 and specifically the second concave 
surface 81' subtends an angle that decreases along the 
length of the retractor. Thus, in an embodiment, the second 
conLve surface 81' subtends an angle of about 200 degrees 
adjacent the first plate portion 85, decreasing to an angle 
of less than about 10 degrees at end 78. 

An alternate embodiment of a tissue retractor according 
to this invention is depicted in FIGS. 8-11- This retractor 
100 has a body 106 which includes a first plate portion 115 
defining a first convex surface 110 and an opposite first 
concave surface 111 and includes first opposite 120 
extending substantially parallel to the length B of the body 
106. The first plate portion 115 subtends a first arc A 
between the first opposite edges 120. The retractor body 
106 also includes a second plate portion 116 which xs 
integral with the first plate portion 115 and is disposed 
between the first plate portion 115 and a wording tip 105. 
The second plate portion 116 defines a second convex surface 
110' and an opposite second concave surface l"' 
includes second opposite edges 120' extending substantially 
parallel to the length B. The second plate portion 116 
subtends a second arc A3 between the second opposite edges 
120' that is different from the first arc A^ m this 
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erabodiment • Preferably r the first axe subtends an 
angle of less than IBO degrees and the second arc 
subtends an angle of more than 180 degrees. Most 
preferably, the first arc A^ subtends an angle of about 90 
degrees and the second arc A^ subtends an angle of about 
270 degrees. 

The retractors of this invention may be provided with 
means for engaging the retractors 70 , 100 within the working 
channel 25 of the cannula 20. For example, the convex 
surfaces BO, 110 can be configured to have a diameter that 
is greater than the diameter Dj of the inner cylindrical 
surface 26 of the cannula 20. In that case, the body 76, 
106 may be formed of a resilient material that is deformable 
to be insertable into the cannula 20 so that the convex 
surface 80, 110 is in contact with the inner cylindrical 
surface 26 of the cannula 20. When the body 76, 106 is 
deformed, it exerts an outward force against the surface 26 
to frictionally hold the retractor in its selected 
position. 

The preferred components provided by this invention are 
configured so that multiple tools and instruments can be 
accepted and manipulated within the working channel 25 of 
the cannula 20. The components are also configured so that 
more than one surgeon may manipulate instruments through the 
working channel 25 of the cannula 20 at one time. For 
example, one surgeon may be manipulating the retractor while 
another surgeon is drilling into a bone. The curvature of 
the body 76, 106 of the retractors 70, 100 provides more 
working space and increases visibility. Another feature is 
that the long axis of the component can be placed in the 
working channel 25 while a bend in the handle portion keeps 
hands away from the channel 25 so that more than one surgeon 
can work in the channel 25 and more tools can be placed in 



W097a4SM 

-24- 

, ,^ The retractors shown in FWS. 4-11 each 
the channel 25^ ^''^/f the prorimal Hrst end 

comprise an arn, 71, 101 att j„ PIGS. 

„. 107 Of ,„,ie a wMch is less than 

4-11. the arm 71, 101 is ^, 
,eO decrees fro- the '""-'f "fj^^^^^u about ,0 
.he hod. 7e. «st :":,t.nti.», 
degrees so that the arm 71, jjj. 
.erpendlclar to the le„,t ^^^^^^ „. 

, :rriUt;t:rni::uUon o. the retractor 70. 100. 

.he present invention also Pro..es - — ahle 
usahle with the device 10. Any 

into the worKin, channe 2 of the ^^^^^^^ ^^^^^^^ ^ ^^.^ 

contemplated: however, a prefer ^^^^^ preferahly 

, invention is depictea in - - ^ ,31. The 

includes a hollow sleeve l , 

Channel 131 allows the dilator 130 to p ^^^^^ 

.nldewire ""^ ^f n fl^t openin, 132 in 

135 has a working end 136 defini g ^„ 
communication with the channel ^^^'^ ,3, ,3 

aefining a second I„,u„atically displace 

tapered to a tapered tip 138 provided on 

tissue. Preferahly. a ^'^^^^^JJJ^Z ,,,,cent the 
.ne outer surf ace " -J ,,,„,„g portion 

opposite end 137. „j ^i„um£erential grooves 142 

140 is defined ^ a ^ " ,,„c„s 142 are 
defined in the outer surface 14 

configured for manual gripping preferably, the 

manipulate the dilator 130 ''>!-/^ embodiment 

Shown in riG. J f the circumferential 

of circumferential ^ ^^^^ „iath W, along 

grooves 142. •"•e grooves 142 have 
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the length of the sleeve 135 and the flats 143 have a second 
width 146 along the length. Preferably, the first and 
second widths Wj^ and are substantially equal. 

The present invention has application to a wide range of 
surgical procedures, and particularly spinal procedures such 
as laminotomy, laininectoniy, f oranienotomy, facetectomy and 
discectomy. Prior surgical techniques for each of these 
procedures has evolved from a grossly invasive open 
surgeries to the minimally invasive techniques represented 
by the patents of Kambin and Shapiro. However, in each of 
these minimally invasive techniques, multiple entries into 
the patient is required. Moreover, roost of the prior 
minimally invasive techniques are readily adapted only for a 
posterolateral approach to the spine. The devices and 
instruments of the present invention have application in an 
inventive surgical technique that permits each of these 
several types of surgical procedures to be performed via a 
single working channel. This invention can also be used 
from any approach and in other regions besides the spine. 
For instance, the invention contemplates apparatus 
appropriately sized for use in transnasal, transphenoidal 
and pituitary surgeries. 

The steps of a spinal surgical procedure in accordance 
with one aspect of the present invention are depicted in 
FIG. 10. As can be readily seen from each of the depicted 
steps (a)-<i), the present embodiment of the invention 
permits a substantially mid-line or medial posterior 
approach to the spine. Of course, it is understood that 
many of the following surgical steps can be performed from 
other approaches to the spine, such as posterolateral and 
anterior. In a first step of the technique, a guidewire 150 
can be advanced through the skin and tissue into the laminae 
M of a vertebral body V. Preferably, a small incision is 
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. •„ the sKin to eaclUtate penett.tlon of the ,uiaewlte 
T I the s'l" in a«ition. most p««."blr the 
through the skin, l insetted under 

guiflewlte. which may be a K-wne, is l 

radiographic or image guided O""'^ " «L. V. It is. 
positioning within the .amin.e be 

course ''^^^^^^^XX',^,^^ '"^ " 
positaoned at virtually a y .^4„„4no of the guidewire 

portion oe a vertebra l^ ^J'X^;: oolcted 
IB dependent upon the surgical P p^sent 
through the working channel -""""/^^^.^^ 
invention. Preferably, the '"^^"^ , pallet 

anchored into the vertebral bone, being tapped 



if necessary. 



15 



20 



25 



f fh. oreterred method, a series of 
X„ aubseguent steps °' «0, as 

..esue dilators are advanced ove the 

aeplcted in steps (b)-<d) in F .^^jBlon without the 

.Uators can ^ .-"-^ rT^uIt rssection of the 
aia of a guidewire, '"^^"'^ ^^itic illustrated embodiment, 
underlying tissues. In the "P^"^" 153. 
a series of successively larger a^l^'"' 
ore concentrically ^^=^"f ."'"^.^^'J^ seguentlally 
,„iae«ire ISO ^"^^ '^"^'^•^^'^''^^JZ nost preferably, the 
auate the perlspinous -^^ ^ ^ ^„ , the 

tissue dilators are of the typ dilators 

present ^//^ 'JZ^.s. ranging from S», to 

have successively larger ^ dilator sizes are 

,0 12.5™ for the largest ^^^^f^., 3,,„3Ch and upon 

contemplated depending upon the anatomic 
the desired sl^e of the working channel. 

„ the next step of the ^^^''^"'^f^^^'^lZ^ 
working Channel cannula 20 is advance over^th^^^^^ 
dilator 153, as shown in step (e) . an 
guidewire ISO are removed, a. shown in step (f ) • 
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Preferably, the working channel cannula 20 has an inner 
diameter of 12.7inin so that it can be easily advanced 
over the 12.5inrn outer diameter of the large dilator 153. 
Larger working channel cannulas are contemplated depending 
upon the anatomical region and surgical procedure. 

With the cannula 20 in position, a working channel is 
formed between the skin of the patient to a working space 
adjacent the spine. It is understood that the length of the 
cannula 20 is determined by the particular surgical 
operation being performed and the anatomy surrounding the 
working space. For instance, in the lumbar spine the 
distance between the laminae M of a vertebra V to the skin 
of the patient requires a longer cannula 20 than a similar 
procedure performed in the cervical spine where the 
vertebral body is closer to the skin. In one specific 
embodiment in which the cannula 20 is used in a lumbar 
discectomy procedure, the cannula has a length of 87mm, 
although generally only about half of the length of the 
cannula will be situated within the patient during the 
procedure. 

m accordance with the present surgical technique, the 
working channel cannula 20 is at least initially only 
supported by the soft tissue and skin of the patient. Thus, 
in one aspect of the preferred embodiment, the cannula 20 
can include a mounting bracket 27 affixed to the outer 
surface of the cannula (FIG. lD(f), fig. 11). This mounting 
bracket 27 can be fastened to a flexible support arm 160, 
which can be of known design. Preferably, the flexible 
support arm 160 is engaged to the bracket 27 by way of a 
bolt and wing nut 161, as shown in FIG. 10 (i) and in more 
detail in FIG. 11, although other fasteners are also 
contemplated. This flexible arm 160 can be mounted on the 
surgical table and can be readily adjusted into a fixed 
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„,uirea to stay clear o. ^V:/ Lois 

surgeons aaequate room to manipulate the variety 
5 that «ouia be used throughout the procedure. 

Returning to FIG. 10. once the cannula 20 i= 
Returning .h. fixture 30 can be engaged over the 

within the patient, the fixture 

proximal ^'^^fl^^l'^^^J^lZ'^l. provides an optics 
.0 re /o L:ro;t:nr=n elo„gated v^e^lng ele.ent such as 

-^Tior r:ir,Ve.nrsrrs?d:rer:nro the 

invention, tne vxewiwy ^ 
nxture 30 and supported by the ''^^''^i;"^; ^ZZ^Llr = 
one specific embodiment, the element 50 " ""^^ ^ ^ 
U fiber optic scope, although a tod ^ 

ri\:ipi:r orrhrpriXeTho:: r^^^^^ lo. 

m Lm leo is mounted " - ---^^ ^ 

fo n::s"i:"ror:t:: <» m r.. 

20 element 50. This £a P ^^^^^^^ 3„ ,3„ 

sho-n in more detail in endoscope or a 

be of a variety of types, including a rig 
flexible and steerable scope. 

With the viewing element or scope 50 -^^""^^ ^^/"^ 
,3 fixture 30 the surgeon can directly visualise the area 
>„„eath the wording channel .5 of >^^^J^'^^^'J^^ 
surgeon can freely manipulate the viewing 

^he'worKing channel .5 or beyond d sta e . the^^^^^ 
cannula into the ..^^ SO, 

30 tip scope. --fj : manipulated to different 

which carries the lens 55 c virtually any 

positions such as Shown -J^-^^^^ of 
type of viewing element, tne msni.y 
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the scope is not limited by the working channel 25, in 
contrast to prior systems. 

Preferably, the positioning capability provided by the 
fixture 30 is utilized to allow extension of the lens 55 

5 into the working space or retraction back within the cannula 
20, as depicted by the arrows T in FIG. 1. Also the fixture 
preferably accommodates rotation of the element 50 about its 
own axis (arrows R in FIG, 1) to vary the viewing angle 
provided by the angled lens 55, or rotation of the entire 

10 viewing element 50 about the cannula 20 and around the 

circumference of the working channel 25, as shown by the 
arrows N in FIG. 1. In this manner, the surgeon is provided 
with a complete and unrestricted view of the entire working 
space beneath the working channel 25. In instances when the 

15 fixture 30 is rotated about the cannula 20, the viewing 

orientation of the optics (i.e., left-right and up-down) is 
not altered so the surgeon's view of the procedure and 
surrounding anatomy is not disturbed. 

Another advantage provided by the single working channel 
20 cannula 20 of the present invention, is that the cannula can 
be readily positioned over an appropriate target tissue or 
bone, to thereby move the working space as necessary for the 
surgical procedure. In other words, since the working 
channel cannula 20 is freely situated within the patient's 
25 skin and tissue, it can be manipulated so that the working 
space beneath the cannula 20 is more appropriately centered 
over the target region of the spine. Repositioning of the 
cannula 20 can be performed under fluoroscopic guidance. 
Alternatively, the cannula may be fitted with position 
30 sensing devices, such as LEDs, to be guided 

stereotactically. As the cannula is being repositioned, the 
surgeon can also directly visualize the spine through the 
viewing element 50. 
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once tne position of tHe cannuU 20 '= "-^^^31:"! ' 
„o.«n, space is onentea -"^^j;-:^ '^Zl. t.e 

variety of tools and instruments can be extenae 

11) into the working space. It " 

various tools and instruments are aesxgned to f.t t 

..e worKln, channel. T Ll. ^0 

e„to,4lment, the working channel " 

can have a n,a«™™ aia.»eter a ;,,„„el 
the vlewln, element 50 extending into , 
.5. the elective diameter Is ^^'^I'^t^ ^^XpLiae. 
illustrated «*odlme„t. although •^''"'^f^f 50 
within the working channel 25 around 'J^^^^ i^^trument 
to allow a wide range o£ movement of the tool or 
„ithin the -orklng Channel - preseht^.nve.___^^^ 

limited to particular sizes tor components 

J- »*.«:.r since the dimensions o£ tne t-wi f 
effective diameter, since su„ical site and the 

will depend upon the anatomy of the surgical 
type of procedure being performed. 

Pre.erahlv. each o. the ^^/^ ^ -UTotnrse""^ 
the working channel cannula ' ^, .„a ,„ess to 

obstruction the ' :„Klng channel 

the -:rse th^ln rumehts and tools are designed 

cannula. Likewise, cne x»= «„^n,nafced by the 

» - ^-ni::ra::nr::rerrkrn: Tari cnnui 

rrurrrrs the tissue retractor shown in ^ 
4-8. With these retractors, the handles that 
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gripped by the surgeon are offset at about a 90 degree angle 
relative to the longitudinal axis of the tool itself. 

In accordance with once aspect of the present invention, 
the suigical procedures conducted through the working 
5 channel cannula 20 and within the working space at the 
distal end of the cannula are performed "dry" - that is, 
without the use of irrigation fluid. In prior surgical 
techniques, the working space at the surgical site is fluid 
filled to maintain the working space and to assist in the 
10 use of the visualization optics. However, in these prior 
systems the visualization optics were fixed within the 
endoscope. In contrast, the device 10 of the present 
invention allows a wide range of movement for the viewing 
element 50 so that the lens 55 can be retracted completely 
L5 within the working channel 25 of the cannula 20 to protect 
it from contact with the perispinous tissue or blood that 
may be generated at the surgical site. 

Moreover, since the viewing element 50 is removable and 
replaceable, the element 50 can be completely removed from 

20 the fixture 30 so that the lens 55 can be cleaned, after 
which the viewing element 50 can be reinserted into the 
fixture and advanced back to the working space. Under these 
circumstances, then, the need for irrigation is less 
critical. This feature can be of particular value when 

25 cutting operations are being performed by a power drill. It 
has been found in prior surgical procedures that the use of 
a power drill in a fluid environment can cause turbulence or 
cavitation of the fluid. This turbulence can completely 
shroud the surgeon's view of the surgical site at least 

30 while the drill is being operated. With the present 

invention, the dry environment allows continuous viewing of 
the operation of the power drill so that the surgeon can 
quickly and efficiently perform the necessary cutting 
procedures . 
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10 



15 



"20 



.„vi«n™.nt, ir.l,at.o« / .uwlM device 

tne wortina ""--f Z^""," by the fitting 53 

50 itself n,ay include a tttbe S4 . PP ^ ^..^laea to 

through which modest a«.a.ts °« .aaitlon, auring a 

,ee. the visuaU.ati n sP- cle..^^ ^^^^^^ 

triXurrfreguenti^-^^^^^^^ 

riirran ar .Tnre/rough the «o.ihg Channel « 

as requited by the procedure. 

r»fion can be conducted directly 
« necessary, «P'""°" ^'^^ „^ula 20. In one 

through the working channel 25 provided as 

specific „s includes a body 1« 

shown in FIGS. 11 and .„ i„„er diameter 

„Wch defines a gating bore 167 h.« g 
. larger than the outer ^""f "^^'j/^.^iaed in 

fitting 30. A tool ■>P«'"' "° „^,„ the aspiration 

co,n»unication with the matrng """^ ' i„ 11, 

cap 165 is mounted over 'Z^;,,, „ith the upper 

the tool opening 16a Juties as the 

bore .1 and P-viaes the sa„ entry^c^P_^^ 

working channel opening 35 receiver 

, aapiratlon cap 165 is ^]^\^^;2ZXr^ ""^"^ 
^„ 169 Which intersects the gating ^ ^^^^ 

bore 169 is configured to ^^,tain instances. 

„,ieh a vacuu. or " 'f '"/„^ue suction is applied 

the tool opening 160 ^Jl^f „,ting bore 167. and 
« through the tool receiver bot covering the 

Ultimately through the /^^^^..^ ,„ect through the 

opening 166 can optimise the aspir 



working channel. 
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Returning again to the surgical technique of one 
embodiment of the present invention, once the working 
channel cannula 20 and the optics 50 are in position, as 
depicted in FIG. 10 step (i) and FIG. 11, the paraspinous 
tissue can be reflected using instruments as described 
above, and a laminectomy performed using various rongeurs, 
curettes and drills. As necessary, the cannula 20 can be 
angled to allow a greater region of bone removal, which may 
be necessary for access to other portions of the spinal 
anatomy • In some instances, access to the spinal canal and 
the posterior medial aspects of the disc annulus may require 
cutting a portion of the vertebral bone that is greater than 
the inner diameter of the working channel 25. Thus, some 
manipulation of the cannula 20 may be necessary to permit 
removal of a greater portion of bone. In other operations, 
multi-level laminectomies or f oramenotoraies may be 
necessary- In this instance, these multi-level procedures 
can be conducted by sequentially inserting the working 
channel cannula 20 through several small cutaneous incisions 
along the spinal mid-line. Alternatively, several working, 
channel cannulas 20" can be placed at each of the small 
cutaneous incisions to perform the multi-level bone removal 
procedures . 

Again, in accordance with the preferred illustrated 
surgical technique, an opening is cut into the laminae M of 
the vertebra V providing direct visual access to the spinal 
canal itself. As necessary, tissue surrounding the spinal 
nerve root can be removed utilizing micro surgical knives 
and curettes. Once the spinal nerve root is exposed, a 
retractor, such as the retractors shown in FIGS* 4-8, can be 
used to gently move and hold the nerve root outside the 
working space. In one important aspect of the two 
retractors 70, 100, the portion of the retractor passing 
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through the working ohanhel 25 generally conforms to the 
nlL surface o£ the cannula .0 so that the 
2, is not alaruptea hy the retractor tool. 
th. effective aia,„eter within the worhi»9 " 
reduced only by the thickness of the curved plates 84, 11« 

The retractors 70. 100. In one specific e»>.o«^- ^= 
thickness is ahout 0.3^. so it can be seen that *^«^'"^- 
retractors do not significantly reduce the space avarlable 
n the working channel » for insertion of other tools and 
instruments . 

With the tissue retractor in place within the working 

Channel 2.. hone within the -^-^/^^ ' /^f^ ; ^ Th h 
In a burst fracture, can be removed with a curette or 
elea arm. Alternatively, the fractured bone may be 
iracttd back into the vertebral body with a ''o-;"^- 
' It this point, i£ the spinal procedure to be performea xs 
the r^oLl of epiaural spinal tumors, "».'7" 
resected utilising various micro-surglc.l J"., 

riiiT-a mav be opened and the intraautax 

-X rr.r.r.: r r r=.:: 

in another embodiment of the invention, a working 

on is orovided viitn a 
T ^=«n.tia such as cannula 20, is ptuvx 
channel cannula, sucn car> • „^4.4r»n/asDiration 

fixture 170 for supporting optics and 

Tn accordance with this embodiment, tne rri 
tr::: udes a = Ipe body 171 Which IS shown most clearly in 
30 S 13 U, U ana 17. The scope body 171 

•r,n 172 configured to encircle the outer suriac 
clamping ring 172 confxgu clamping ring 172 

23 of the cannula 20. In P"^^/"^"' '^^^^ ^..^ That 
includes an inner clamping surface 175 (see FIG. 
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clamping surface 175 has substantially the same 
configuration and dimension as the outer surface 23 o£ the 
cannula 20. The clamping ring 172 includes clamp arms 173a, 
b at the free ends of the ring. The clamp arms 173a, b 
5 define a slot 174 (see PIG. 17) therebetween. 

The clamping ring 172 is integral with a support column 

176 forming part of the scope body 171. A column slot 177 
is formed in the support column 176, with the column slot 

177 being contiguous with the slot 174 between the clamp 

10 arms 173a, b. As described in more detail herein, the slots 

174 and 177 permit the clamp arms 173a, b to be compressed 
toward each other to thereby compress the clamping surface 

175 of the ring 172 about the outer surface 23 of the 
cannula 20. In this manner, the fixture 170 can be affixed 

15 at a specific position on the cannula 20. It is understood 
that when the clamping ring 172 is loosened, the fixture 170 
is free to rotate about the circumference of the cannula 20 
in the direction of the arrow N. In addition, the fixture 
170 can translate along the longitudinal length of the 

20 cannula 20 in the direction of the arrow T. Of course, the 
direction of the travel distance of the fixture 170 along 
the length of the cannula 20 is limited by the proximal end 
22 and the bracket 27 used to engage a supporting flexible 
arm 160 as described above. 

25 Returning to FIGS. 13-17, additional details of the 

fixture 170 can be discerned. In particular, the fixture 
170 includes an optics mounting body 178 that is supported 
by and preferably integral with the support column 176. The 
optics mounting body 178 defines a stop edge 179 at the 

30 interface between the support column 176 and the mounting 

body 178. This stop edge defines the height of the support 
column from the clamping ring 172 to the stop edge 179. The 
stop edge 179 of the optics mounting body 178 can be used to 
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incluie the bracket 27. 

M-h the piesent embodiment, the optics 
I„ accordance with the ^^^^^ 

punting body 17S defines an J""" ^,„„„i. „o. 

configured to receive and ,i,„„i„ation 
.ne 0P-« bore XBO can co^-c^-^^^^^^^^ ...n as a 

pert 181 Which can 180 also 

, fiber optic light cable. The opti ^^jecting 
con^unicates with an optics coupUng bore ^^^^^^^ ^^^^ 
f„m a front face of the ,,,, includes a 

„„e specific embodiment, the fx.tute 

coupling body XB3 that rs , ..e coupling 

optics coupling bo re ^= ^„ ^„„„, 3 camera 

body 183 can be engaged oy a 
185 thereon. 

I. «f 4-he optics mounting body 178, an 
in a further aspect of ^^^''^^ .gV can be 

aspiration port 136 and an ^^^^'Z oX^ ,,,, ,bO . 
provided that co^unicates -^^^^^ J^^^,,, ,,,„,els along 

preferably, the optics ,,,,3 in the optics 

.ength to -respond o he^var ^^^^^^^^^^^^ ^^^^ 

mounting body 178. m one P ^^^^.^^ ^„ 

is not used, with the port 186 bex 9 . pic. 

illumination element, shown J re P^^^ ^^^^^^^ 

" .3, the port 187 can be ^ to^ ^ ^^^^^^^^^^ 

Xn particular, the P-^^ ^J"^^^,,,, ....e 2Z6 and Luer® 
tube 225 which carries ^^^^^ ^.^^.^^ ^27 can 

fitting 227 at its free ena^ aspiration vacuum 

3^ engage a source of --^^;;;;/;,rcular use envisioned for 

rerr: rro^- —i the optics 



cannula 190. 
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In accordance with a method of the present invention, 
the port 187 is used as an aspiration port with the Luer® 
fitting 227 connected to a vacuum source, it is understood 
that the port 187 is in fluid communication with a 
corresponding channel in the optics cannula 190 so that 
suction applied through the tube 225 and port 187 is drawn 
through the distal or working end 192 of the optics cannula 
190. The working end 192 is at the surgical site so that 
the suction draws air through the working channel 25 of the 
cannula 20, to the surgical site and through the 
aspiration/irrigation channel in the optics cannula 190. It 
has been found that providing aspiration suction in this 
manner eliminates smoke that may be developed during 
operation of certain instruments, such as a Bovie. 
Moreover, the suction applied through the port 187 can draw 
air across the lens 191 (see fig. 14, 15) .of the optics 
cannula 190, to prevent fogging of the lens. if a separate 
aspiration tube is extended through the working channel, 
defogging of the lens 191 is best achieved with the opening 
of the aspiration tube adjacent the lens. In this manner,, 
the provision of aspiration vacuum through the working 
channel and working space virtually eliminates the need to 
retract the optics cannula 190 to clean the lens 191. This 
is in contrast to prior devices in which either the lens had 
to be removed from the surgical site for cleaning or devices 
in which substantial flow of fluid is required to keep the 
lens clean and clear. 

Looking now to FIGS. 18-22, details of a barrel clamp 
mechanism 195 are shown. The barrel clamp mechanism 195 
compresses the arms 173a, b of the clamping ring 172 
together to clamp the fixture 170 to the cannula 20. The 
barrel clamp mechanism 195 includes a barrel cam 196 
disposed immediately adjacent one of the clamp arms 173b, 
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10 



15 



20 



25 



3„a , lever a™ 197 that operates to co-npress 

each Of these con-ponents together. S-""""^" 
Shoulder scre« 198 incluies a threaded shank 199 that is 
conf irured o engage a .ating threaded bore 202 in one o* 
h a^: ar^s 173a. The shoulder ^ 
.earln, shanK 200 that - . "/tVe^ ^ 

^3rlng Shan. In the 

the clamp arm 173b, a conn 

r r:;drs:rrr9rrther:nriurs an emar^ea 

197. The shoulder screw iso „.thin a head recess 

nead 201 Which IS ""^"'"^'^^^^t', P eflrahly, the 
206 in the lever arn, 197 (see FIG. 19). 
enlarged head 201 of the shoulder screw ^ ^^'^ 

.col recess to "-^"-rrll^^totJLrg threaded 
threaded shanK 19 o£ the screw r ,H.t the 

bore 202 o£ the clamp arm 173a^ It ^ 
barrel cam 196 and lever arm 197 are tree to 
the bearing shanK 200 ot the shoulder screw 198. 

^ «x/nc TR-iq the lever arm 197 

. ^«r^4 f 1 oallv to FIGS* 1D-X»# 

Referring specif xcaiiy tu 

includes an arm 210 that is integral w.th a od. 1^^^ 
bearing hOre 205 and head recess 20 

2U. The body 211 defines a P .r ^"^^^^ , i„ „g. 

cpposite Sides of the ^'J-^l^^^J^^^^ ^^^ed tip 213 
19, each of the projections 212 inciuae 
to provide a smooth sliding surface. 

Beferring specifically to FIGS. 20-21. the barrel cam 
Referring v ^^^^ ar„ n3b. 

1,6 includes a ,„«,th rotation of 

preferably. ^I'l'^^^JJ stationary arm 173h. Th, 

0 the barre ''J/^^';^^, . cam face 216 that 

rral of diaLtncany opposite cam portions 217. 
Tn ad d nfe "ith the preferred embodiment, the cam 
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portions 217 define a ramp 218 that is inclined upward to a 
detent recess 219. Each detent recess 219 terminates in a 
stop 220 that is higher relative to the base detent recess 
219 than the ramp 218. 

5 In the asseipbled configuration, the barrel clamp 

mechanism 195 operates to compress the arras 173a, b of the 
clamping ring 172 together when the lever arm 197 is rotated 
about the shoulder screw 19B. Specifically, as the lever 
arm 197 is rotated, the projections 212 slide on their 
rounded tip 213 along the ramps 218 until the rounded tips 
213 fall within the opposite detents 219. As the 
projections 212 move up the ramps 218, the projections 212 
push the barrel cam 196 toward the clamp arms 173a, b. nore 
specifically, since the opposite clamp arm 173a is held 
relatively fixed by the threaded shank 199 of the shoulder 
screw 198, the movement of the barrel cam 196 presses the 
clamp arm 173b against the relatively stationary clamp arm 
173a. As this occurs, the clamping ring 172 is tightened 
around the outer surface 23 of the cannula 20. When the 

2Q projections 212 are seated within the recesses 219 of the 
barrel cam 196, the fixture is locked onto the cannula 20. 
It is understood that the recesses 219 are shallow enough to 
permit ready manual disengagement of the projections 212 
from the recesses 219 as the lever arm 197 is rotated in the 

25 opposite direction. 

In one specific embodiment, the detent recesses 219 are 
180^ opposite each other. The ramps 218 are curved and 
subtend an angle of about 90*. Thus, the lever arm 197 
rotates through 90** to move the projections 212 from one end 
30 of the cam ramps 218 to the recesses 219, In the preferred 
embodiment, the lever arm ninety degree movement (arrow J in 
FIG. 15) moves the arm from a first position in which the 
arm 197 is substantially parallel to the cannula, to a 
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second position in which the ,™ i= the 
second position the arn. is oriente 

second positions, the lever ar» manipulation of 

irr-rh^: « - — ^^^^^ 

specific e^hodinent the ^^'^ 7„ .ro. the he„ei 

"'""^"""rnrsJ's riie trsecona'position corresponds 
I clamp mechanism wiixx= 
to the locked configuration. 

. the barrel clamp mechanism 195 to function 
in order for the barrel cl P ^^^^.^ 

properly, it is preferred that the barr 

'stationary relative to the -veable lever a- ^^^^^^^ ^^^^^ 

3 exception that the -"^^ /rc^^^l "™uently, the 
the length of the shoulder screw 19 ^ 

Clamp arm 173b includes ^ /^^J ,,ter periphery 

configuration substantially ^"^^ barrel cam can 

of the barrel cam 196. In this ™' ^"^^^^ 3, ,,3^ the. 

lever arm 197 is pivoted. 

eccorasnce with one ^^^X^TT^ ^^L. of 3 
invention, the components o he f ^-r^ 

.3 flexihle and resUxent -""'^^ peiycarhonate. 
body X71 can he formed of . ; to typical 

plastic «>alding "chniques, t material. W 

and lever ar™ 197 can e ^^^^ '^^'J, ecra>ed of 

30 one specific --"'^.tvldea a -ooth surface for the 
Delrin®, since Delrin® ^^^^^^^ 212 on the lever 

relative ™ove,.ent -'"""^^^^f ti^L^el ca. 196. 

arm 197 and the cam face 216 of tne 
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It is understood that the travel of the barrel clarop 
mechanism 195 can be calibrated sufficient to tightly 
compress the clamping rings 172 about the cannula 20. It is 
also understood that this compression must not be so great 

5 as to compromise the integrity or strength of the cannula 

20. In one specific embodiment, the slot 174 is larger than 
the maximum travel of the barrel clamp mechanism 195 so that 
the projections 212 of the lever arm 197 can rest solidly 
within the detent recesses 219 of the barrel cam 196* In 

10 accordance with one specific embodiment, the slot 174 has a 
dimension of 2 •0mm while the throw of the barrel clamp 
mechanism 195 achieved by the barrel cam 196 is 1.0mm. 

In accordance with the present embodiment of the 
invention, the fixture 170 supports an optics cannula 190 in ' 

15 a fixed orientation relative to the scope body 171. In 

other word,s in this specific embodiment, the optics cannula 
190 is not permitted to rotate about its axis as could the 
scope 50 of the embodiment shown in FIG* 1, The lens 191 is 
therefore mounted at an angle B relative to the distal end 

20 of the optics cannula 190. In one specific embodiment, the 
lens 191 is situated at an angle B of 30", In addition, in 
the specific embodiment, the lens has an optical axis that 
is angled toward the center of the working space 25 or the 
cannula 20* While the lens 191 has a fixed orientation 

25 relative to the scope body 171, the lens can still be 

rotated around the working space by rotation of the fixture 
170 about the outer surface 23 of the cannula 20. In 
addition, the lens 191 and the optical system provide a 
depth of field of view that allows the surgeon to view 

30 anatomy outside the working channel 25. 

Even in the present specific embodiments, the fixture 
170 allows rotation of the optics cannula 190 around the 
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working space and translation of the optics cannula 190 and 
191 along the longitudinal axis of the working channel 25. 
Of course, it is understood that the surgeon can achieve 
these motions by releasing the barrel clamp mechanism 195 

5 and then re-engaging the clamp by rotating the lever arm 197 
to its locked position. Preferably, the optics cannula 190 
is sized so that the lens 191 can project beyond the distal 
end 21 of the cannula 20. Similarly, in the preferred 
embodiment, the fixture 170 allows the retraction of the 

10 lens 191 and optics cannula 190 within the working channel 
25 and cannula 20. 

In one specific embodiment, the fixture 170 permits up 
to 15mm travel along the direction of the arrow T with 7.5mm 
of the travel being within the working space 25 and 7,5mm 
15 of the travel being beyond the distal end 21 of the cannula 
20. in accordance with the specific embodiment, this 15mm 
travel distance is related to the height of the support 
column 176 from the top of the clamping ring 172 to the stop 
edge 179 of the optics mounting body 178. The amount of 
20 extension of the lens 191 of the optics cannula 190 beyond 
the distal end 21 of the cannula 20 is also based upon the 
overall length of the optics cannula 190 relative to the 
overall length of the working channel cannula 20. In one 
specific embodiment, the optics cannula 190 has a length of 
25 lOOmm measured from the lens 191 to the stop edge 179 of the 
optics mounting bore 178. Of course, it is understood that 
the optics cannula is longer than this 100mm distance 
because a portion of the cannula is supported within the 
optics bore 180 of the optics mounting body 178. Again in 
30 the specific embodiment, the cannula 20 has an overall 

length of 92mm from its distal end 21 to its proximal end 22 
(see FIG. 15) . 



97/34536 PCT/US97/04004 

-43- 



In a further aspect of the invention, the overall length 
of the cannula, and consequently the optics cannula 190, is 
determined, in part, by the spinal anatomy. In particular, 
for applications of the present invention in the field of 
spinal surgery, it has been found that placement of the 
proximal end 22 of the working channel 25 too distant from 
the surgical site at the distal end 21, causes the surgeon 
to lose tactile feel while manipulating certain 
instruments. In other words, when the surgeon passes 
instruments through the working channel and manipulates them 
at the surgical site, a certain amount of "feel** is required 
so that the surgeon can accurately perform the respective 
operations with the instrument. If the distance between the 
surgical site and the manual end of the instrument is too 
great, the surgeon will not be able to stably and 
comfortably operate the instrument. 

In accordance one beneficial aspect of the present 
invention, it has been found that the working channel 
cannula 20 must have a length that is limited relative to . 
20 the distance L (FIG. 24) between the vertebral laminae and 

the surface of the skin. In the lumbar region of the spine, 
this distance is approximately 65-75mm. Consequently, in 
one embodiment of the invention, the working channel cannula 
20 has first portion of its length somewhat less than the 
25 anatomic distance. In one specific embodiment, this length 
of the first portion is about 66mm from the distal end 21 to 
the mounting bracket 27. In some surgical applications, the 
mounting bracket 27 may actually rest against the skin of 
the patient so that the distal end 21 of the working channel 
30 cannula can be closer to the surgical site. 

Further in accordance with the present invention, the 
remaining second portion of the length of the cannula 20 
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permit extension ana retraction "^ '"^^^^^/^^^.^^ 

end 21 of the cannula 20. As GescrioB 
the dxstal end 21 preferably ISimn, so 

the travel of the optxcal lens 191 P 

that the regaining len.th of the "T^t.^^e surf ace for 
accomodate this travel and ^^JO^^^^^^^ 
engagement by the clampxng rxng 172. ^hus, 
embodiment, the working channel cannula 20 has an 
teng.h of 92r«n. In accordance with one aspect of the 

xeiiy-" ♦-Hat- f-he relative lengtn 

invention, it has Been found that the 

between the lirst portion ot the cannula 

patient to the second portion of ' ^ /^^"^ ^ ^t.^r 

outside the patient have a ratio ';^^^„ „ 

^ „ords. the length of the first portion ^^J" . 
three times longer than the length of the 

♦ ^ «4c»e4rable to minimize 
tt has also heen found that xt 

the height of the fixture 170 f °1,,„, 

channel cannula 20. In accordance wxth the presen 
,„ invention, the optics mounting ""^^ "J^^*- I,,, the 

■■' about 21mm between the stop edge 179 and the P 

body 178. This distance is not so great that the g 
.estrained from / tt - surgeon 

nature 170. Of """!';;;;^/;,f;:,„,e the proximal end 
" rorrhlVorKiirrnr^rirdLtel. aa^cent to the 
fixture 170. 

in the present preferrea embodiment, the "O'^^^"' f '""^ 
cannula has an inner aiameter of about 1 » "J^'";-;;^^ 

30 aia.eter of -tairii/e^fro hrr.:! ofthe sPine. 

provided xn a smaller i„„er diameter 

in a further specific embodxment the 

is 12.7mm with a 14mm outer diameter. In another 



wo 97/34536 



PCT/US97/04004 



-45-. 

the invention, the overall length and diameter of the 
working channel cannula 20 is calibrated again relative to 
the distance L of the spinal anatomy. With the larger 
diameter working channel, the surgeon can orient certain 
5 instruments at an angle relative to the longitudinal axis of 
the cannula 20. In specific embodiments, this angle is 
approximately S-e**. It has been found that this angle, 
together with the large working channel 25, gives the 
surgeon greater flexibility and mobility within the surgical 
10 site to perform various operations. To that end, the length 
and diameter of the working channel cannula 20 is 
appropriately sized to maintain this flexibility, without 
getting too large. A working channel cannula 20 that has 
too large a diameter is less adaptable to the spinal anatomy. 

15 In accordance with preferred methods using the device 10 

of the present invention, the working space is generally 
limited to the region directly adjacent the laminae of a 
vertebra* A cannula having a diameter that is too large 
will interfere with the spinous process when the working 

20 space is created^ and will require resection of greater 
amounts of tissue than is preferred for an optimal 
percutaneous procedure. Therefore, in accordance with one 
aspect of the invention, the working channel cannula has a 
relationship between its length and its diameter to permit 

25 tool angles through the cannula of between 5-8**. In 
accordance with one specific aspect of the present 
invention, the cannula can have a length to diameter ratio 
of between about 5.5:1 to 7:1, Further in accordance with 
the present invention, the working channel cannula has a 

30 length that is no more than 20-30mm greater than the 

distance L (FIG. 24) between the laminae and the skin of the 
patient. 

One important feature of the present invention is 
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achieved by the large diameter of the working channel 25 in 
the cannula 20. This large diameter allows the surgeon or 
surgeons conducting the surgical procedure to introduce a 
plurality of instruments or tools into the working space. 
For example, as described above, a tissue retractor and 
discectomy instruments can be simultaneously extended 
through the working channel- In that illustrated 
embodiment, the discectomy instruments could include a 
trephine for boring a hole through the disc annulus and a 
powered tissue cutter for excising the herniated disc 
nucleus. Likewise, the present invention contemplates the 
simultaneous introduction of other types of instruments or 
tools as may be dictated by the particular surgical 
procedure to be performed- For example, an appropriately 
sized curette and a rongeur may be simultaneously extended 
through the working channel into the working space. Since 
all operations being conducted in the working space are 
under direct visualization through the viewing element 50, 
the surgeon can readily manipulate each of the instruments 
to perform tissue removal and bone cutting operations , 
without having to remove one tool and insert the other, Iji 
addition, since the surgical procedures can be conducted 
without the necessity of irrigation fluid, the surgeon has a 
clear view through the. working space of the target tissue. 
Furthermore, aspects of the invention which permit a wide 
range of motion to the viewing element 50 allow the surgeon 
to clearly visualize the target tissue and clearly observe 
the surgical procedures being conducted in the working space. 

The surgeon can capitalize on the same advantages in 
conducting a wide range o£ procedures at a wide range of 
locations in the human body. For example, f acetectoraies 
could be conducted through the working channel by simply 
orienting the working channel cannula 20 over the particular 
facet joints. The insertion of vertebral fixation, elements 
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can also be accomplished through the device 10. In this 
type of procedure, an incision can be made in the skin 
posterior to the location of the vertebra at which the 
fixation element is to be implanted. Implementing the steps 
5 shown in FIG. 10, the cannula 20 can be positioned through 
the incision and tissue directly above the particular 
location on the vertebra to be instrumented. With the 
optics extending through the working channel, an insertion 
tool holding the vertebral fixation element can be projected 

xo through the cannula 20 and manipulated at the vertebra. In 
one specific embodiment^ the fixation element can be a bone 
screw. The working channel 25 has a diameter that is large 
enough to accept most bone screws and their associated 
insertion tools. In many instances, the location of the 

15 bone screw within the vertebra is critical, so 

identification of the position of the cannula 20 over the 
bony site is necessary. As mentioned above, this position 
can be verified f luoroscopically or using stereotactic 
technology. 

20 many prior procedures, cannulated bone screws are 

driven into the vertebra along K-wires. The present 
invention eliminates the need for the K-wire and for a 
cannulated screw. The working channel itself can 
effectively operate as a positioning guide, once the cannula 

25 20 is properly oriented with respect to the vertebra. 

Moreover, the device 10 allows insertion of the bone screw 
into the vertebra to be conducted under direct vision. The 
surgeon can then readily verify that the screw is passing 
into the vertebra properly. This can be particularly 

3Q important for bone screws being threaded into the pedicle of 
a vertebra. The working channel cannula 20 can be used to 
directly insert a self-tapping bone screw into the pedicle, 
or can accept a variety of tools to prepare a threaded bore 
within the pedicle to receive a bone screw. 
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The device 10 can also be usea to prepare a 
fusion of two adjacent vertebrae, and 

.„3lon device or material . Per "-^-^^J^P 'e „ 
tecbnuue. an incision can be ™ade >n tbe K.n^P^__ ^ 
a particular disc space to be fused, i , « the 

Je anteriorly, posteriorly or -o"-"/^;''^: , 
incision is >.ade anteriorly '""""/^^ntll be taRen 
worRln, channel, it is anticipated "^'^^^^^^ 
to retract tissues, .uscle and device 
„ path o. the incision to the d.sc spac^ rUt.action to 

10 Of the present xnvent.on '"""'^f = ^ „ ,„lly and 
occur under direct vxs.on so t^" '^; ^ ' „,,,,„t 
accurately guide the cannula 20 to the a P 
,..r of miury to the ""-»""« .^ac ed. the 

^3 beneath the ski., is successively °' "'".a„„,ed 

«orKin, Channel cannula 20 can be '-^'^^^^^'^^f^^tebral 
toward the anticipated worKin, --;;^;;;;;;.::"can be 
al,c. Again under direct vrs.on '"^ , 

- :::::: irnrri:; :ri::;=nd e^cism, an or part of the 

disc nucleus through this opening. 

X„ subsequent steps, a bore is -' '"^f^ l':^^^^. , 
annulus and into the endplates of the ad:ace„t ^ 

„ fusion device, such as a bone -"-^^'//^^^^^^^rworkin, 
threaded implant can then be advanced through 
Channel of device 10 and into the '-^"fj; ^ ''^f^, 
subject disc space. In so^e ^^^^f „ducin. 
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extending through the working channel cannula 20 and under 
direct vision from the viewing element 50. 

In some instances, graft material is simply placed 
within the prepared bore. This graft material can also be 
passed through the working channel cannula 20 into the disc 
space location. In other procedures, graft material or bone 
chips are positioned across posterior aspects of the spine. 
Again, this procedure can be conducted through the working 
channel cannula particularly given the capability of the 
cannula to be moved to different angles from a single 
incision site in the sTiin- 

The present invention provides instruments and 
techniques for conducting a variety of surgical procedures. 
In the illustrated embodiments, these procedures are 
conducted on the spine. However, the same devices and 
techniques can be used at other places in the body. For 
example, an appropriately sized working channel device 10 
can be used to remove lesions in the brain. The present 
invention has particular value for percutaneous procedures, 
where minimal invasion into the patient is desirable and 
where accurate manipulation of tools and instruments at the 
surgical site is required. While the preferred embodiments 
illustrated above concern spinal procedures, the present 
invention and techniques can be used throughout the body, 
such as in the cranial cavity, the pituitary regions, the 
gastro-intestinal tract, etc. The ability to reposition the 
vi';wing optics as required to visualize the surgical site 
allows for much greater accuracy and control of the surgical 
procedure. The present invention allows the use of but a 
single entry into the patient which greatly reduces the risk 
associated with open surgery or multiple invasions through 
the patient's skin. 
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X„ .ccaraa.ce «lt. yet another '^^^1;^ ^^l^J^Z that 
inventio.. a tissue .et.acto. appa.atu 3«^^;^;^^,^^„, 
ccnblnes a tissue "tractox 231 «.t ^^^^^^^^^ 
aevlce 232. Referrxn, l ' ,3, is a.fUea 

apparatus 230 includes a ""^^f"^/" ,_i,ti„„ ol the 
" a ,..P 23. .0. .auual "-.^1 23e the 

retractor. The grxp " '/.^e retractor plate preferably 
plate. The flistal enS 237 ot the re insertion 

^ olft avoia trauma to tissue uy^ji 
has a blunt tip 238 to avoia preferably, the 

, 1-4 ^« of the tissue retractor, fiei-^ 
ana nanipul.txon the plate 234. 

blunt tip 23 is anglea aU9htly ""^ ^traction surface 
The retractor plate 234 flef.nes an 

»' that can be -^^^l^fJ^J^ZoTS. . tL plate 234 
being performed, m a preterr atraumatic 

IS semi-cylindrical in r.i'tn;' In addition. 

retraction of tissue adjacent a - " ^ ,,,,, 

X. ^ r.i»tf» 234 defines a cnanwex 

the retractor plate 23 a.acrlbed, the 

define a working channel. As " retractor 70 

retractor 231 is substantially sxm lar to t 

depicted in FIGS. 4-6 and as described above. 

in accordance with this d^wirhtn'rhrrrLcrcr 
„ptlcal viewm, device - - --f- Trrrably. the 
231 by way of a number of c '^J „ 
C-cllps 245 are formed of a lesilx 

plastic or thin flexible metal and a e aff ^^^^ 
channel 240 of the retractor -^^^ , /"^^^ ,„vided 
one specific e-odlment two such -c psj^^^ ^^^^^^^^ 

to stably mount t- oP sised to 

the retractor 23i. r;. ^ . ^ that is configured 

„ support an optical viewing ^--^^f^;",:,,,, .escribed 
.ubstantlally ..,lce 232 

rtdirtarti — »• - 
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with this embodiment, the C-clips 245 provide a resilient 
friction fit to the optical viewing device 232 while still 
permitting relative sliding and rotation of the viewing 
device 232 relative to the retractor 231. 

5 In accordance with the present invention, the tissue 

retractor apparatus 230 can be used in a variety of 
applications, including non-spinal applications. For 
example, this tissue retractor can have application in 
transnasal and transphenoidal surgeries, and in pituitary 

IQ procedures. In surgeries of this type, it is not 

necessarily desirable to provide a closed cannula, such as 
the working channel cannula 20- Moreover, the smaller 
working space does not lend itself to the use of a closed 
cannula which would tend to restrict the space available for 

J5 manipulation of surgical instruments. Consequently, a 
tissue retractor or speculum of the type shown in FIGS. 
25-26 may be very adequate for surgeries of this type. In 
this instance, then the working channel is defined in part 
by the patient's body itself, and in part by the tissue 

20. retractor. The optical viewing device 232 is supported 
relative to the retractor to permit the same degrees of 
motion as are available with the device 10 described above. 

While the invention has been illustrated and described 
in detail in the drawings and foregoing description, the 
25 same is to be considered as illustrative and not restrictive 
in character, it being understood that only the preferred 
embodiment has been shown and described and that all changes 
and modifications that come within the spirit of the 
invention are desired to be protected. 
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WHAT IS CLAIMED! 

1. A device for use in percutaneous spinal surgery, 
comprising: 

an elongated cannula having a first inner dimension and 
an outer dimension sized for percutaneous introduction into 
a patient, said cannula further including a distal working 
end and an opposite proximal end, said cannula defining a 
working channel between said ends having a second dimension 
substantially equal to said first inner dimension and sized 
for receiving a tool therethrough; and 

a viewing element mounted inside said cannula adjacent 
said working channel, said viewing element having a first 
end connectable to a viewing apparatus and an opposite 
second end disposed adjacent said distal working end of said 
cannula. 

2. The device of claim 1 wherein said second inner 
dimension is sized to simultaneously receive a plurality of 
tools therethrough. 

3 The device of claim 1, wherein said viewing element 
includes a lens at said second end and an image transmission • 
channel extending therefrom. 

4 The device of claim 3, wherein said viewing element 
is a fiber-optic cable having illumination fibers and image 
transmission fibers. 

' 5. The device of claim 1, further comprising a fixture 
for mounting said viewing element to said cannula. 

6 The device of claim 5, wherein said fixture is 
configured to mount said viewing element within said working 
channel . 
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7. The device of claim 5, wherein said fiatture 
includes: 

a housing attached to the proximal end of the cannula, 
said housing defining a working channel opening therethrough 
3 in communication with the working channel, said working 
channel opening sized to substantially correspond to said 
second dimension of said working channel to receive a tool 
therethrough; 

said housing further defining an optics bore adjacent 
jQ said working channel opening, said optics bore sized to 
receive said viewing element therethrough. 

8. A device for use in percutaneous spinal surgery, 
comprising: 

an elongated cannula sized for percutaneous introduction 
15 into a patient having a distal working end and an opposite 
proximal end and defining a working channel between said 
ends, said working channel having an inner dimension sized 
to receive a tool therethrough; 

a viewing device having a first end connectable to a 
20 viewing apparatus and a second end including a lens 

positionable adjacent said working end of said cannula; and 

a fixture supported adjacent said proximal end of said 
cannula adjacent to said working channel and defining an 
optics bore having a longitudinal axis, said optics bore 
25 sized to removably receive said viewing device therethrough, 
and said fixture supporting said viewing device for movement 
within said optics bore along the longitudinal axis of said 
bore to extend or retract said lens relative to said distal 
working end of said cannula. 



30 



9. The device of claim 8 wherein said viewing element 
includes a lens at said second end and an image transmission 
channel extending therefrom. 
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10. The device o£ claim 9. wherein said lens deUnes 
opti 1 axis, said optical axis .ein, o.eset at an „,le 
relative to said longitudinal axis of sa.d opt.cs bore. 

11 The device of claim 9, wherein viewing element Is a 
Jiher-^ptic cable having Illumination tlbers and xmage 
transmission fibers. 

12 The device o£ claim B, wherein said fixture is 
configured to support said viewing ele,«nt wlthxn saxd 
working channel. 

13. The device of claim 8. wherein said fixture 
includes: r^p *-he cannula/ 

second dimension of said working channel to receive 

therethrough; „„Hf.s bore adjacent 

said housing further defining saxd optics 

said working channel opening. 

A aevice for use in percutaneous spinal surgery, 

comprising: ^^c^-ai working end and an 

elongated cannula hev.„g = a stal^wor 

Td-e^ TaU^otirchLel having an inner dl.ensicn 

a viewing device navmg ° ^. ^ lont? 

Viewing apparatus and a second end 1-1-^-' = and 
positionable adjacent said worKing J^f^ ,,,, 

. fixture supported adjacent said proximai en 
cannula adracent'o said worKing channel and defining an 



20 14 



wo 97/34536 



PCT/US97/04004 



-55- 



optics bore having a longitudinal axis, said optics bore 
sized to removably receive said viewing device therethrough, 
and said fixture supporting said viewing device for rotation 
within said optics bore about the longitudinal axis of said 
5 bore. 

15. The device of claim 14 wherein said viewing element 
includes a lens at said second end and an image transmission 
channel extending therefrom, 

16. The device of claim 15, wherein said lens defines 
10 an optical axis, said optical axis being offset at an angle 

relative to said longitudinal axis of said optics bore. 

17. The device of claim 15, wherein said viewing 
element is a fiber-optic cable having illumination fibers 
and image transmission fibers. 

15 18, The device of claim 14, wherein said fixture is 

configured to support said viewing element within said 
working channel. 

19. The device of claim 14, wherein said fixture 
includes: 

20 a housing attached to the proximal end of the cannula, 

said housing defining a working channel opening therethrough 
in communication with the working channel, said working 
channel opening sized to substantially correspond to said 
second dimension of said working channel to receive a tool 

25 therethrough; 

said housing further defining said optics bore adjacent 
said working channel opening. 

20. The device of claim 14, wherein said fixture 
further supports said viewing device for movement within 

30 said optics bore along said longitudinal axis of said bore." 
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A device for use in percutaneous spinal surgery 
comprising: 

an elongated cannula having a distal working end and an 
opposite proximal end and defining a working channel between 
said ends, said working channel having a first longitudinal 
axis and an inner dimension sized to receive a tool 
therethrough; and 

a fixture mounted to said proximal end of said cannula, 
said fixture including a housing defining a working channel 
opening in communication with said working channel of said 
cannula and an optics bore for receiving a viewing device 
therethrough in communication with said working channel, 
said optics bore having a second longitudinal axis 
substantially parallel to said first longitudinal ^^^^'^^^^ 
housing being rotatable relative to said cannula so that 
said second longitudinal axis of said optics bore rotates 
about said first longitudinal axis of said working channel. 

22. The device of claim 21, further comprising a 
viewing device disposed within said optics bore, said 
viewing device having a first end connectable to a viewing 
apparatus and a second end including a lens positionable 
adjacent said working end of said elongated cannula. 

23. The device of claim 21, wherein: 
said cannula has an outer dimension; and 
said housing defines a receiving bore having an inner 

dimension slightly larger than said outer dimension of said 
cannula, wherein said proximal end of said cannula is 
received within said receiver bore so that said housing can 
rotate about said proximal end of said cannula. 

24 The device of claim 23, wherein said housing 
furthe; includes an upper bore contiguous with said working 
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channel opening and in communication with said receiver 
bore, said optics bore being disposed within said upper bore 
o£ said housing. 

25. The device of claim 21, wherein said optics bore is 
5 defined by a C-shaped clip. 

26. The device of claim 25, wherein said C-shaped clip 
is formed of a resilient material and said optics bore 
defined by said clip has an inner dimension that is slightly 
less than an outer dimension of said viewing device so that 

10 said viewing device resiliently deflects said C-shaped clip 
when said viewing device is disposed within said optics bore. 

27. The device of claim 23, wherein said housing 
further defines a number of grooves in said receiver bore. 

28. The device of claim 27, further comprising sealing 
IS members disposed in each of said number of grooves, said 

sealing members disposed between said housing and said outer 
dimension of said cannula. 

29. The device of claim 21 wherein said working channel 
opening has a dimension substantially equal to said inner 

20 dimension of said working channel. 

30. The device of claim 21 wherein said fixture 
includes engagement means, disposed between said housing and 
said cannula when said fixture is mounted to said proximal 
end of said cannula, for providing a gripping engagement 

25 between said housing and said cannula. 

31. The device of claim 30, wherein said engagement 
means includes a number of resilient rings disposed between 
said housing and said cannula. 
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3a device for supporting a vlewln, device within a 
cannula defining a working channel. -"'"""'^ 

, fixture countable to said '"""'^^f ^'J^, .nannel 
said fixture Including a housing ^^"-'^^^^"^^"/..^.el 
opening arranged to co»unlcate with "'^"'^'^^ 

„hen said . -^tLrvetoorsTh^^^^^^^^^^ - 

channel opening sized to receive receiving a 

Haia housing further defining an ^jewing 
viewing device therethrough and arranged =° 

„ device received within said optics ^ n»unted 

working channel of the cannula when said fixture 

to the cannula. 

33. The device of cl.i» 3. in "-;;;-;;rp"trcs hore 

defines a first Th I tlalty P-"- " 

defines a second longitudinal azis su 

" the first longitudinal axis when ^aid 
.ne cannula, said housing being """^ ' J^s of said optics 
cannula so that said second ^'"'^^"^".^ts of the 
bore rotates about the first longitudinal 

20 cannula . 

r -i^im -17 in which the cannula has an 
34. The device of claxm 32 ^ receiving 

outer dimension, whe.ein sai. ^^^^^^T^^^er than the 
bore having an inner di.ensxon slxghtly larg 
outer dimension of the cannula, so that saxd 
25 rotate about the cannula. 

The device of ciai- 3,. "^«";j:;:;:::rwor.in, 

further Includes an upper - receiving 

:::r ieirricrire —red wUhm said upper bore 
30 of said housing. 
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36. The device of claim 35. wherein said optics bore is 
defined by a C-shaped clip. 

37. The device of claim 36, wherein said C-shaped clip 
is formed of a resilient material and said optics bore 

5 defined by said clip has an inner dimension that is slightly 
less than an outer dimension of the viewing device so that 
the viewing device resiliently deflects said C-shaped clip 
when the viewing device is disposed within said optics bore. 

38. The device of claim 34, wherein said housing 

10 further defines a number of grooves in said receiver bore. 

39. The device of claim 38, further comprising 0~rings 
disposed in each of said number of grooves, said 0-rings 
disposed between said housing and the outer dimension of the 
cannula when the cannula is disposed within said receiver 

15 bore. 

40. A tissue retractor for use in percutaneous surgery 
through a cannula having an inner cylindrical surface, said 
retractor comprising: 

a working tip configured to atraumatically displace 
20 tissue as the retractor is manipulated through the tissue; 
and 

a body having a proximal first end and a distal second 
end, said second end being integral with said working tip, 
said body having a convex surface configured to conform to 

25 the inner cylindrical surface of the cannula when said 

tissue retractor is disposed within the cannula, said body 
sized to be rotatable received within the cannula and having 
a length from a said first end to a said second end 
sufficient so that said first end and said working tip can 

30 be outside the cannula when said body is within the cannula. 
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41. The tissue retractor of claim 40, wherein said 
working tip has a blunt curved end. 

42 The tissue retractor of clain. 40, wherein said body 
includes a curved plate defining said convex surface and an 
5 opposite concave surface. 

43. The tissue retractor of claim 42. wherein said 
curved Plate includes opposite edges extending -^s -."Xiy 
parallel to said length of said body, said curved Piate 
subtending an arc between said opposite edges of at least 
10 200 degrees, 

44. The tissue retractor ol cl.lm 43. wherein 5aia 
ourvea Plate subtenas an arc ^tWeen saia opposite edges of 
about 270 degrees. 



45. 

15 includes: 



20 



25 



The tissue retractor of clain, 40. wherein said body 

TVust Plate portion definin, a jf^'"" 
and an opposite first concave surface and "^^"'^ 
ooooslte edges extending substantially parallel to said 

th Of slid body, said first plate portion subtending a 
first arc between said first opposite edges: and 

a second plate portion integral with said ^^^'^ 
portion and disposed between said first plate P°^'"";"- 
Lid worKing tip. said second Plate portion def.n.ng a 
second convex surface and an opposite second — J-;;//^ 
and including second opposite edges extending substantially 
oarallel to said length, said second plate portion 
::::»di„, a second arc between said second opposite edges 
that is different from said first arc. 

46. The tissue retractor of claim 45. wherein said 
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first arc subtends an angle of less then 180 degrees and 
said second ar subtends an angle of more than 180 degrees. 

47. The tissue retractor of claim 46, wherein said 
first arc subtends an angle of about 90 degrees and said 
second arc subtends an angle of about 270 degrees. 

48. The tissue retractor of claim 45, wherein said 
second arc subtends an angle that decreases along said 
length toward said working tip- 

49. The tissue retractor of claim 48/ wherein said 
second arc subtends an angle of about 200 degrees adjacent 
said first plate portion decreasing to an angle of less than 
10 degrees adjacent said working tip. 

50. The tissue retractor of claim 49/ wherein said 
first arc subtends an angle of about 200 degrees. 

51. The tissue retractor of claim 40, wherein said 
convex surface of said body is at a diameter that is greater 
than the diameter of the inner cylindrical surface of the 
cannula, said body being resiliently deformable to be 
insertable into the cannula with said convex surface in 
contact with the inner cylindrical surface of the cannula. 

52. The tissue retractor of claim 40, further 
comprising an arm attached to said proximal first end of 
said body, said arm having a gripping surface to facilitate 
manipulation of said tissue retractor. 

53. The tissue retractor of claim 52, wherein said arm 
is substantially perpendicular to said length of said body. 

54. A tissue dilator, comprising: 

a sleeve having a tapered working end and an opposite 
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end, said working end configured to displace tissue; and 

a gripping portion on an outer surface of said sleeve 
adjacent said opposite end, said gripping portion defining a 
plurality of circumferential grooves configured for manually 
gripping the dilator to manipulate the dilator within 
tissue. 

55. An apparatus for use in percutaneous surgery, 
comprising : 

an elongated cannula having a length and defining a 
first area transverse to said length and an outer dimension 
sized for percutaneous introduction into a patient, said 
cannula further including a distal working end and an 
opposite proximal end, said cannula defining a working 
channel between said ends having a second area substantially 
equal to said first area and sized for receiving a surgical 
tool therethrough; 

a viewing element connectable to a viewing apparatus and 
including a lens at a distal end thereof; and 

a fixture supporting said viewing element relative to 
said cannula with said lens disposed adjacent said working 
end of said cannula. 

56. The apparatus of claim 55 wherein said second area 
is sized to simultaneously receive a plurality of surgical 
tools therethrough. 

57. The apparatus of claim 55, wherein said viewing 
element has a proximal end adjacent said proximal end of 
said cannula and includes an image transmission channel 
extending from said lens at least to said proximal end 
thereof . 

58. The apparatus of claim 57, wherein said viewing 
element includes a fiber-optic cable having illumination 
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fibers and image transmission fibers disposed within said 
image transmission channel. 

59. The apparatus of claim 55, wherein said fixture 
includes means for removably mounting said fixture to said 

5 cannula adjacent said proximal end of said cannula. 

60. The apparatus of claim 59, wherein said fixture 
includes means for supporting said viewing element within 
said working channel. 

61. The apparatus of claim 55, wherein said fixture 

10 includes: 

a body having means for engaging said viewing element; 

and 

means for clamping said body onto said cannula to 
support said fixture on said cannula. 

15 62. The apparatus of claim 61, wherein said means for 

clamping includes: 

a ring attached to said body, said ring sized to 
substantially encircle said cannula; and 

means for compressing said ring about said cannula 
20 whereby said ring grips said cannula to support said fixtu; 
thereon. 

63. The apparatus of claim 62, wherein said means for 
compressing said ring includes: 

a pair of adjacent free ends; 
25 a pair of opposing arms extending from a corresponding 

one of said free ends, said arms defining a slot 
therebetween and extending between said free ends; and 

a mechanism connected to said arms and operable to 
compress said arms toward each other. 
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S,. The apparatus ot clai. 63. w.ecein a.ia »ecH.nis. 

includes: . , £j- of arms, 

„ta barrel cam having cam surface «itn 

mclinea ramp facing away " l caa, retattve to said 

means for supporting said '■""^"■"."''"^"j ,„„3ra 
pair of arms to permit translation of sard barrel cam 

""/tirarilcludlng at least one projection facing 
said cam surface of barrel cam; and 

means for rotatably supporting ^^;=^^/^™,„„ 
.c said barrel cam with said at least -^/^^^^^'^^^^^^ 
substantially continuous contact wxth saxd cam 
said barrel cam, ,_l,tlTe to said 

barrel cam causes saxd proDection t ^^^^ 
to push said barrel can, toward said paxr of 
pair of arms together. 

es. The apparatus of claim e., wherein said mechanism, 
""r'thfefdrbore in one of said pair of arms distal from 

said barrel cam; ^ oE arms, 

bearing bores defined In the =»f^ng bores being 

said barrel cam and said lever "-/"^J^^^^^^ 
; aligned and coaxial with said threaded borej^ a 

, Shoulder screw ''-;,-^;^;rd'raring shanK extending 
said threaded bore, a """-'""^/f .^en said 

through said bearing bores and a he d g^^^ ^^^^ 

.earing bores for ^^^ZZil t^L bore. 
10 shank is engaged withm saxd tnr 

ee. The apparatus of claim ..elined 
said barrel cam has a surface opposite 
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ramp disposed adjacent said other of said arms; and 

said other of said arms includes a recess conforming to 
and receiving said surface of said barrel cam. 

67. The apparatus of claim 64, wherein said cam surface 
of said barrel cam includes a recess at one end of said 
inclined ramp, said recess being sized to receive said 
projection of said lever arm therein. 

68. The apparatus of claim 64, wherein said at least 
one inclined ramp is arcuate. 

69. The apparatus of claim 68, wherein: 

said arcuate inclined ramp subtends an angle of about 
ninety degrees (90**), 

whereby said lever arm is rotated ninety degrees (90**) 
as the projection travels from one end of said ramp to the 
other . 

70. The apparatus of claim 69, wherein said means for 
rotatably supporting said lever arm supports said lever arrn 
to rotate through ninety degrees (90** > from a first position 
in which the lever arm is substantially parallel to said 
length of said cannula to a second position in which the 
elver arm is substantially perpendicular to said length of 
said cannula. 

71. The apparatus of claim 64, wherein: 

said cam surface of said barrel cam includes two 
inclined ramps; and 

said lever arm includes two projections in contact with 
a corresponding one of said inclined ramps. 

72. The apparatus of claim 64, wherein said at least 
one projection includes a rounded tip for sliding contact 
with said at least one inclined ramp. 
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73 The apparatus of olaln, 63, wherein s.ia means for 
compressln, saia ring further Includes a slot ^efxnea xn 

boay contiguous with saia slot aefinea between saxa 
free ends of said ring. 

74 The apparatus of claim 57, wherein: 

74. itie PP .„^iuaes an optics cannula carrying 

said viewing element includes an optx 

said image transmission channel and having an 
irrtgarion/aspiration channel extending therethrough; and 

said body of said fixture defines an 
irrigation/aspiration port in communication with saxd 
Ir igation/aspiration channel when said viewxng « e-nt xs 
supported by said fixture, said port being connectable to 
source of irrigation fluid or aspiration vacuum. 

75 The apparatus of claim 55, wherein; 

vlewin: element incluaes an optics cannu = hav>n, a 
p.ozin.al end £i«a to said fixture and a arst.l end 
supporting said lens; and 

''said fixture includes a ring aUaaWy »ountea for . 
translation along ana rotation abou 
,0 the position of said lens relative ...^ve 
saia cannula can be varlea W movement of sard 
to said cannula. 

,6. The apparatus of claim 75, ^f,^" 
cannula has a length greater than saxd length of saxd 
25 elongated cannula. 

77. The apparatus of clain, 75, wherein said optics 
cannula supports said lens has an optical «x= "J" 
an angle relative to a longitudinal axis of saxd optxcs 

cannula. 
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7B. The apparatus o£ claim 77, wherein said optics 
cannula is fixed to said fixture so that said optical axis 
is angled toward said working channel of said cannula. 

79. The apparatus of claim 55, wherein said cannula is 
5 cylindrical and said first area is area is circular. 

80. A fixture for supporting a viewing element within a 
cannula defining a working channel, comprising: 

a body defining an optics bore for supporting a portion 
of the viewing element; 

a ring attached to said body, said ring sized to 
substantially encircle the cannula; and 

means for compressing said ring about the cannula 
whereby said ring grips the cannula to support said fixture 
thereon. 

15 81. The fixture according to claim 80, wherein: 

said body includes a support column extending between 
said body and said ring and configured to reside outside the 
cannula; and 

saidi body is configured so that said optics bore is 
20 aligned with a portion of the working channel of the cannula 
when said fixture is supported on the cannula. 

82. The fixture of claim 80, wherein said means for 
compressing said ring includes: 

a pair of adjacent free ends; 
25 a pair of opposing arms extending from a corresponding 

one of said free ends, said arms defining a slot 
therebetween and extending between said free ends; and 

a mechanism connected to said arms and operable to 
compress said arms toward each other. 



wo 97/34S36 



-68- 



10 



15 



20 



83. The fixture oE cl.i™ 82, wherein said mechanism 
"^"TZr.. can, dispose, aajacent one o. said pair o. arms. 

inclined ramp facing away from "'/"^^^ ..^a 

„eans for supportin, said caa, toward 

pair of arms to permit translation of said Barr 

said pair of arms: p„jection facing 

a lever arm incluama at lease ou<= n j 
said cam surface of barrel cam; and 

means for rotatably aupporting said lever arm re 
.„ sTa barrel cam with said at least 
Bubstantiallr continuous contact with said cam 
«3aid barrel canir , ^a-sri 

Where. --"^^ -:;r„%nudra:r tairramp 
::";u:h=::irh:::erramTo:::rsaid p.ir of arms ana said 

pair of arms together- 

84. The fixture of claim 83. wherein said mechanism . 

further includes: ^.^^ 
a threaded bore in one of said pair o 

said barrel cam; f arms, 

hearing bores defined in the ^ng bores being 

said barrel cam and said lever arm, said bearing 
aligned and coaxial with said threaded bore; and ^^^^ 
a Shoulder screw having a threaded J" ^ 

.aid threaded bore, a ^dTrg ar=aid 

.nrough said bearing bores ana head la g^^^ ^^^^ ^^^^^^^^ 

bearing bores for engaging said leve 
, Shank is engaged within said threaded bore. 

85. The figure of claim 84, wherein: 

said barrel cam has a surface opposite said inclined 
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ramp disposed adjacent said other of said arms; and 

said other of said arras includes a recess conforming to 
and receiving said surface of said barrel cam- 

86. The fixture of claim 83, wherein said cam surface 
5 of said barrel cam includes a recess at one end of said 

inclined ramp, said recess being sized to receive said 
projection of said lever arm therein. 

87. The fixture of claim 83, wherein said at least one 
inclined ramp is arcuate. 

10 88. The fixture of claim 87, wherein: 

said arcuate inclined ramp subtends an angle of about 
ninety degrees (90'), 

whereby said lever arm is rotated ninety degrees (90°) 
as the projection travels from one end of said ramp to the 
15 other . 

89. The fixture of claim 88, wherein said means for 
rotatably supporting said lever arm supports said lever arm 
to rotate through ninety degrees (90°) from a first position 
in which the lever arm is substantially parallel to said 

20 length of said cannula to a second position in which the 

elver arm is substantially perpendicular to said length of 
said cannula. 

90. The fixture of claim 83, wherein: 

said cam surface of said barrel cam includes two 
25 inclined ramps; and 

said lever arm includes two projections in contact with 
a corresponding one of said inclined ramps. 

91. The fixture of claim 83, wherein said at least one 
projection includes a rounded tip for sliding contact with 

30 said at least one inclined ramp. 
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„ the fixture o£ claim 62. wherein saia 

. jLi. ri. ^^:':::Xu^i^z 

said body contiguous with said sxot ae 
free ends of said ring. 

„. An apparatus for supporting a vlewln, ele„e,.t for 
percutaneous surgery on the spine co-prxsin,: 

an elongate, cannula ha.lng a l^'t"/^"- ^ ^^^^..^ 

--"t-i T:i:rp:r:ror:fTar;Chring :Lea for 
!:r:L:rn'i:trtL Uient -aiinror: :;ri 
^ rthrs^iroftrraur - portmn of 
rrrt: to the --^ -rpriL en. 

^ ,*-H of the length oE saia txj.ou 

one-fourth (1/4) of ^^^^ 

3 fixture supporting the viewing 

. p4^4-iire on saxd cannula at &aj.« 

means for mounting said fixture 

second portion of said cannula. 

,4. An apparatus for use in percutaneous surgery on the 

^ --^r;:: i opposite 
---rrnd T:i:nrrofTard^r -ed for 

. rn:rorctro:'i:rt.e :at.ent -.acent th ^ - ™ 
a length less than the distance fro. the ™ 

, vertebra to the sKin of the patien , J 
s..a length external to the ^^^^f ^^/^f ,f/;,%,,,ion. 
one-fourth (1/4) of the length of said first p 

^S. An apparatus for use in percutaneous surgery on the 

■ = :. ....... 
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proximal end, a portion of said length being sized for 
introduction into the patient adjacent the spine, said 
cannula having a transverse dimension in a plane 
perpendicular to said longitudinal axis, said transverse 
dimension being substantially constant along at least the 
length of said portion, wherein said length of said cannula 
is between 5.5-7.0 times greater than said transverse 
dimension. 

96. An apparatus for use in percutaneous surgery, 
comprising : 

an elongated device for defining a working channel at a 
surgical site, said elongated device having an outer surface 
defining an outer dimension; 

a viewing element connectable to a viewing apparatus and 
including a lens at a distal end thereof; and 

a fixture supporting said viewing element relative to 
said elongated device with said lens disposed adjacent said 
working channel defined by said elongated device^ 

97. The apparatus of claim 96, wherein said fixture 
20 includes means for removably mounting said fixture to said 

outer surface of said elongated device • 

98. An apparatus for use in percutaneous surgery 
comprising : 

an elongated tissue retractor having a working tip 
25 configured to atruamatically displace tissue and a plate 

having a width sufficient to retract tissue from a surgical 
site; and 

a viewing element connected to said retractor « said 
viewing element having a lens adjacent said working tip of 
30 said retractor. 

99. The apparatus according to claim 98, further 
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• • «..«ns for movably connecting said viewing element 
comprising means tor movau*jr 

to said retractor. 

XOO. The apparatus accorain, to '^^'^^ ■J-'^^'X'' 

— ':\Ta:rprar:r-rra:t::.rrcu; 
::::::::ertrretr: ..t.^ ...^ v.e.n, exeunt 

therein* 
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